Technical  Report  SL-98-3 
April  1998 


US  Army  Corps 
of  Engineers 

Waterways  Experiment 
Station 


Load  Rating  of  Permanent  Bridges 
on  U.S.  Army  instaliations 

by  James  C.  Ray,  WES 

Terry  R.  Stanton,  U.S.  Army  Center  for  Public  Works 


Approved  For  Public  Release;  Distribution  Is  Unlimited 


DTIC  QUALITY  INSrBCTlD  ^ 


19980527  029 


Prepared  for  U.S.  Army  Center  for  Public  Works 


The  contents  of  this  report  are  not  to  be  used  for  advertising, 
publication,  or  promotional  purposes.  Citation  of  trade  names 
does  not  constitute  an  official  endorsement  or  approval  of  the  use 
of  such  commercial  products. 

The  findings  of  this  report  are  not  to  be  construed  as  an 
official  Department  of  the  Army  position,  unless  so  desig¬ 
nated  by  other  authorized  documents. 


PRINTED  ON  RECYCLED  PAPER 


Technical  Report  SL-98-3 
April  1998 


Load  Rating  of  Permanent  Bridges 
on  U.S.  Army  instailations 

by  James  C.  Ray 

U.S.  Army  Corps  of  Engineers 
Waterways  Experiment  Station 
3909  Halls  Ferry  Road 
Vicksburg,  MS  39180-6199 

Terry  R.  Stanton 

U.S.  Army  Center  for  Public  Works 
Fort  Belvoir,  VA  22315-3862 


Final:  report 

Approved  for  public  release;  distribution  is  unlimited 


Prepared  for  U.S.  Army  Center  for  Public  Works 
Fort  Belvoir,  VA  22315-3862 


Waterways  Experiment  Station  Cataloging-in-Publication  Data 
Ray,  James  C. 

Load  rating  of  permanent  bridges  on  U.S.  Army  installations  /  by  James  C.  Ray,  Terry  R. 
Stanton  ;  prepared  for  U.S.  Army  Center  for  Public  Works. 

184  p. :  ill. ;  28  cm.  —  (Technical  report ;  SL-98-3) 

Includes  bibliographical  references. 

1 .  Military  bridges  —  Design  and  construction.  2.  Bridges  —  Design  eind  construction. 

I.  Stanton,  Terry  R.  II.  United  States.  Army.  Corps  of  Engineers.  II.  U.S.  Army  Engineer 
Waterways  Experiment  Station.  III.  Structures  Laboratory  (U.S.  Army  Engineer  Waterways 
Experiment  Station)  IV.  US  Army  Center  for  Public  Works.  V.  Trtle.  VI.  Series:  Technical 
report  (U.S.  Army  Engineer  Waterways  Experiment  Station) ;  SL-98-3. 

TA7  W34  no.SL-98-3 


Contents 


Preface . 

. VII 

1 —  Introduction .  2 

Background .  2 

Objective .  2 

Scope .  2 

Load  Rating  Overview .  2 

2 —  Basic  Concepts .  y 

Bridge  Terminology .  y 

Bridge  Types  and  Load  Paths . 8 

General .  g 

Slab  Bridges .  g 

Box  Culverts .  g 

Multi-Girder  Bridges .  9 

Distribution  Factor .  2  q 

Two-Girder  or  Truss  Bridges .  1  j 

Railroad  Bridges .  22 

Bridge  Rating  Guidelines  and  Criteria . ..1.1  13 

3 —  Load  Effects .  26 

Dead  and  Secondary  Loads . . .  26 

Live  Loads .  27 

General .  27 

Civilian  vehicular  loads .  27 

Military  vehicular  loads . 11  28 

Special  military  loads .  29 

Railroad  loads .  3q 

Maximum  Live  Load  Effects . 1....11......31 

General .  32 

Decks .  32 

Stringer  or  multi-girders .  32 

Floor  beams .  33 

Girders  or  trusses . 33 


III 


Railroad  bridges . 34 

Load  Effects  on  Continuous  Spans . 35 

4 —  Capacity  and  Safety  Factors . 72 

Introduction . 72 

Allowable  Stress  Method . 73 

Load  Factor  (Ultimate  Strength)  Method . 74 

Load  and  Resistance  Factor  Rating  (LRFR)  Method . 74 

Railroad  Bridges . 75 

5 —  Summary . 78 

Basic  Rating  Procedure . 78 

Military  Load  Classification  (MLC) . 78 

Rating  Examples . 79 

References . 80 

Appendix  A:  Timber  Bridge  Example . A1 

Appendix  B:  Steel  Multi-Girder,  Concrete  Deck  Example . B 1 

Appendix  C:  Truss  Bridge  Example . Cl 

Appendix  D:  Continuous-Span  Reinforced  Concrete  Tee-Beam  Example . D 1 

SF  298 

List  of  Figures 


Figure  1 .  Basic  design  loads  for  a  bridge . 5 

Figure  2.  Load  posting  signs  resulting  from  load  rating . 6 

Figure  3.  Basic  parts  of  a  bridge . 14 

Figure  4.  Superstructure  elements . 14 

Figure  5.  Slab  bridges . 15 

Figure  6.  Box  culverts . 15 

Figure  7.  General  load  path  for  a  multi-girder  bridge . 16 

Figure  8.  Longitudinal  and  transverse  load  distribution . 1 7 

Figure  9.  Timber  stringer  bridge . 18 

Figure  10.  Steel  multi-girder  /  concrete  deck  bridge . 1 8 

Figure  1 1 .  Concrete  tee-beam  bridge . 19 


Figure  12.  Prestress  /  posttension  girder  bridge . 19 

Figure  13.  Concrete  box  girder  bridge . 20 

Figure  14.  Steel  girder  bridge . 20 

Figure  15.  Truss  bridge . 21 

Figure  16.  Railroad  bridges . 21 

Figure  17.  Transverse  load  distribution  through  decks . 22 

Figure  18.  General  load  path  for  a  girder  or  truss  bridge . 23 

Figure  19.  General  load  path  for  an  open  deck  railroad  bridge . 24 

Figure  20.  General  load  path  for  ballast  deck  railroad  bridges . 25 

Figure  2 1 .  Secondary  loads  on  bridges . 37 

Figure  22.  Civilian  live  loads  (reference  [1]) . 38 

Figure  23.  Military  live  loads  (reference  [4]) . 39 

Figure  23  (cont’d).  Military  live  loads . 40 

Figure  24.  Moment  and  shear  curves  for  HET  overlaid  onto  standard  MCL 

curves . 41 

Figure  25.  Heavy  Equipment  Transport  System  (HETS) . 42 

Figure  26.  Model  G515T-1500  general  purpose  army  locomotive, 

:  20  tons  each . 43 

Figure  27.  Common  commercial  locomotive.  Model  SD40-2,  184  tons  each  ...44 

Figure  28.  40  ton  special  purpose  flat  car;  1 88  tons  with  2  Ml  A1  tanks . 45 

Figure  29.  iMC  ammo  box  car,  130  tons  each . 46 

Figure  30.  i  'omparison  of  E80  train  to  worst-case  army  trains . 47 

Figure  31.  l.quivalent  E-loadings  for  typical  army  trains,  based  on  bending 

moment . 48 

Figure  32.  Equivalent  E-loadings  for  typical  army  trains,  based  on  endspan 

shear . 49 

Figure  33.  Maximum  deck  loadings . 50 

Figure  34.  Maximum  stringer  or  multi-girder  loadings . 5 1 

Figure  35.  Vehicle  placement  for  maximum  load  effects  on  elements . 52 

Figure  36.  Maximum  stringer  or  girder  moments  for  civilian  live  loads 

(reference  [1]) . 53 

Figure  37.  Maximum  stringer  or  girder  shears  for  live  loads  (reference  [1]) . 54 

Figure  37  (cont’d).  Maximum  stringer  or  girder  shears  for  live  loads . 55 

Figure  38.  Maximum  longitudinal  bending  moments  for  military  live  loads  ....56 

Figure  38  (cont’d).  Maximum  longitudinal  bending  moments  for  military  live 

loads . 57 


Figure  39.  Maximum  endspan  shears  for  military  live  loads . 58 

Figure  39  (cont’d).  Maximum  endspan  shears  for  military  live  loads . 59 

Figure  40.  Maximum  floor  beam  loadings . 60 

Figure  41.  Maximum  floor  beam  loadings  for  civilian  live  loads 

(reference  [1]) . 61 

Figure  41  (cont’d).  Maximum  floor  beam  loadings  for  civilian  live  loads . 62 

Figure  42.  Maximum  floor  beam  loadings  for  military  live  loads 

(source:  WES  derived) . 63 

Figure  42  (cont’d).  Maximum  floor  beam  loadings  for  military  live  loads 

(source:  WES  derived) . 64 

Figure  43.  Maximum  girder  or  truss  loadings  (shown  for  bending 

moment  only) . 65 

Figure  44.  Calculation  of  wheel  lines  per  truss . 66 

Figure  45.  Load  distribution  in  railroad  bridges . 67 

Figure  46.  Comparison  of  simple  and  continuous  span  bridges . 68 

Figure  47.  Bridge  decks  are  often  continuous  in  the  transverse  direction . 69 

Figure  48.  Moving  load  analysis  on  continuous  spans . 70 

Figure  49.  Moving  load  analysis  by  hand . 71 

Figure  50.  Allowable  stress  compared  to  load  factor  method . 76 

Figure  5 1 .  Rating  factor  equation  for  three  different  load  rating  methods 

(vehicular  bridges  only) . 77 


Preface 


The  work  reported  herein  was  sponsored  by  the  U.S.  Army  Center  for  Public 
Works  (USACPW),  Fort  Belvoir,  Virginia.  Mr.  Terry  Stanton,  USACPW,  was 
both  Program  Monitor  and  Technical  Monitor. 

All  work  was  carried  out  by  Mr.  James  C.  Ray,  Structural  Mechanics 
Division  (SMD),  Structures  Laboratory  (SL),  U.S.  Army  Engineer  Waterways 
Experiment  Station  (WES)  and  Mr.  Teny  Stanton,  USACPW.  Report 
Preparation  was  accomplished  by  Ms.  Jennifer  Bennett,  (WES).  The  work  at 
WES  was  conducted  under  the  general  supervision  of  Dr.  Bryant  Mather, 
Director,  SL;  Mr.  John  Ehrgott,  Assistant  Director;  and  Dr.  Reed  Mosher,  Chief 
SMD. 

At  tb  time  of  this  report,  the  Director  of  WES  was  Dr.  Robert  W.  Whalin. 
The  Com  lander  was  Col.  Bruce  K.  Howard,  EN. 


The  contents  of  this  report  are  not  to  be  used  for  advertising,  publication,  or 
promotional  purposes.  Citation  of  trade  names  does  not  constitute  an 
official  endorsement  or  approval  of  the  use  of  such  commercial  products. 


1  Introduction 


Background 


It  is  widely  known  that  the  United  States  owns  and  maintains  many  bridges 
throughout  its  highway  system.  However,  it  may  come  as  a  surprise  to  most  that 
the  Department  of  the  Army  owns  and  maintains  over  1500  bridges.  These 
bridges  are  on  U  S.  military  installations  throughout  the  world  and  carry 
pedestrians,  civilian  and  military  vehicles,  and  trains. 

Like  the  U.S.  infrastructure,  these  bridges  require  continual  inspection, 
maintenance,  and  load  capacity  assessment.  The  American  Association  of  State 
Highway  and  Transportation  Officials  (AASHTO)  has  provided  numerous 
technical  guidelines  for  the  inspection,  maintenance,  and  load  rating  of  bridges 
on  the  U.S.  Highway  system.  The  American  Railway  Engineering  Association 
(AREA)  provides  similar  guidelines  for  railroad  bridges  and  the  Army  has 
technical  manuals  to  address  temporary  theater-of-operations  bridges.  However, 
past  experience  has  shown  that  these  criteria  are  not  completely  applicable  to 
bridges  on  military  installations  and  that  they  provide  inconsistent  levels  of 
safety.  Table  ]  demonstrates  that  usage- wise  installation  bridges  fall  somewhere 
between  a  con  ventional  highway  or  railroad  bridge,  and  a  temporary  theater-of- 
operations  bridge.  Most  importantly,  they  have  very  different  traffic  volumes 
and  traffic  types  depending  upon  their  location  and  purpose  on  the  installation. 
Those  bridges  that  are  in  areas  open  to  the  public  must  carry  the  same  civilian 
loadings  as  conventional  highway  bridges  (although  generally  in  much  lower 
volumes)  and  at  the  same  time  carry  heavy  and  frequent  loadings  from  military 
wheeled  and  tracked  vehicles.  Yet,  those  bridges  in  training  areas  (i.e.,  not  open 
to  public)  typically  carry  only  military  vehicles.  Likewise,  most  railroad  bridges 
on  installations  are  off  of  the  mainline  and  must  only  accommodate  lighter  and 
much  less  frequent  military  trains  entering  and  leaving  the  installation.  In 
summary,  installation  bridges  are  widely  varied  in  their  usage  levels  and  do  not 
fall  easily  under  any  conventional  load  rating  guidelines.  This  variation  has 
produced  a  wide  dispersion  of  load  rating  methods  and  levels  of  safety  among 
military  installations. 

Army  Regulation,  AR420-72,  provides  a  greater  uniformity  in  the  load 
rating  procedures  and  policies  by  stipulating  specific  guidelines.  These 
guidelines  are  based  heavily  upon  those  set  forth  by  the  AASHTO  in  References 
[1]  through  [3].  To  aid  in  the  adoption  of  these  guidelines  and  to  train 
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installation  engineers  who  might  be  inexperienced  in  bridge  load  rating,  the 
USACPW  funded  the  SL-WES  to  develop  a  short  course  entitled,  “Load  Rating 
of  Bridges  on  Military  Installations.”  Since  the  course  began,  the  U.S.  Army 
Corps  of  Engineers  has  also  begun  participating  in  the  course.  This  report 
provides  a  summary  of  the  material  developed  for  the  course  and,  at  the  same 
time,  documents  the  load  rating  methodology. 


Objective 


The  objective  of  this  work  was  to  provide  uniformity  in  the  procedures  and 
policies  for  determining  the  load  capacity  of  bridges  on  U.S.  Army  Installations, 
and  also  to  provide  a  common  reference  for  this  information. 


Scope 


It  is  recognized  that  many  installation  engineers  have  very  little  experience 
in  bridge  load  rating.  Therefore,  the  first  part  of  this  report  presents  a  general 
overview  of  bridges  and  corresponding  engineering  concepts.  The  overview 
includes  basic  bridge  types,  bridge  elements,  bridge  loadings  and  optimal  load 
placement,  load  paths  through  bridges,  load  distribution  concepts,  and  load 
rating  guidelines  and  criteria.  While  it  is  provided  in  the  actual  Load  Rating 
course,  a  review  of  basic  structural  mechanics  is  not  provided  herein  since  these 
concepts  are  well  documented  in  the  literature.  The  last  part  of  this  report 
presents  detailed  load  rating  examples  utilizing  the  methodology  described 
herein. 


Load  Rating  Overview 


The  sole  purpose  of  bridge  load  rating  is  to  determine  the  allowable  load 
capacity  of  an  in-service  bridge.  Specifically;  How  big  of  a  vehicle  (or  train) 
can  safely  utilize  the  bridge?  As  shown  in  Figure  1,  bridges  are  originally 
designed  for  three  basic  classes  of  loads:  self-weight,  known  as  "dead  load"; 
vehicular  (or  usage)  loads,  known  as  "live  loads";  and  "secondary  loads",  such  as 
wind,  snow,  etc.  Therefore,  the  required  capacity  of  each  individual  bridge 
element  (i.e.,  the  members  making  up  the  bridge  as  a  whole)  may  be  expressed 
as: 


Required  Member  Capacity  =  Dead  +  Live  +  Secondary  Loads.  ( 1 ) 

For  load  rating  purposes,  a  method  is  needed  for  evaluating  the  bridge’s  ability 
to  carry  specific  live  loads,  and  for  evaluating  whether  there  is  a  need  to  restrict 
traffic  loadings  on  the  bridge.  For  this.  Equation  1  can  be  worked  backwards 
and  solved  for  the  allowable  live  load  as: 

Allowable  Live  Load  =  Member  Capacity  -  Dead  Load  -  Secondary  Loads.  (2) 
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Secondary  loads  are  of  a  temporary  and  sporadic  nature,  and  it  is  unlikely  that 
they  will  be  present  on  the  bridge  at  the  same  time  as  a  worst-case  live  load. 
Therefore,  secondary  loads  can  usually  be  neglected  in  a  load  rating  analysis  and 
the  portion  of  the  member  capacity  that  was  provided  for  these  loads  may  now 
be  utilized  to  cany  additional  live  load.  For  load  rating,  the  basic  equation  thus 
becomes: 


Allowable  Live  Load  =  Member  Capacity  -  Dead  Load  Effect.  (3) 

From  this  equation,  the  portion  of  total  member  capacity  available  to  cany  live 
load  is  the  capacity  remaining  after  the  dead  load  effect  is  carried.  Allowable 
live  load  is  often  conveniently  expressed  in  terms  of  a  "Rating  Factor"  (RF), 
which  is  basically  the  ratio  of  the  expression  above  as  follows: 

Available  Capacity  Member  Capacity  -  Dead  Load  Effect 

Kr  = - ; - ; - =  - - -  (4) 

Applied  Live  Load  Applied  Live  Load  Effect 


In  most  cases,  the  member  capacity  and  the  dead  load  effect  (the  numerator) 
does  not  change.  By  simply  adjusting  the  applied  live  load  effect  (the 
denominator),  several  vehicular  loadings  can  be  evaluated  quickly  to  determine 
if  any  restriction  is  needed.  Paragraph  6.5  of  Reference  [1]  provides  the  above 
equation  in  the  following  generic  form: 


RF  = 


C-A,D 
A^Lil  +  I)  ’ 


(5) 


where:  C  =  Member  Capacity 

D  =  Dead  load  effect  on  the  member 
L  =  Live  load  effect  on  the  member 
/  =  Impact  factor  for  live  load 
A,  =  Factor  for  dead  loads 
=  Factor  for  live  loads 

Each  of  these  variables  will  be  discussed  in  detail  in  the  following  chapters. 

It  is  extremely  important  to  understand  that  a  RF  must  be  obtained  for  each 
critical  bridge  element,  for  each  possible  mode  of  stress,  and  for  each  of  the 
desired  Rating  and  Posting  vehicles.  (These  terms  will  be  discussed  in  the 
following  chapters.)  For  example,  refer  to  the  bridge  and  rating  summary  shown 
in  Table  2.  In  this  case  there  are  three  different  spans  that  must  be  evaluated.  If 
just  the  superstructures  are  considered  for  the  two  girder  (approach)  spans,  both 
the  deck  and  girders  must  be  evaluated  for  shear  and  bending  for  each  of  the 
vehicles.  For  the  truss  span,  the  deck,  stringers,  and  floor  beams  must  be 
evaluated  for  shear  and  bending.  However,  the  truss  elements  need  only  be 
evaluated  for  tension  or  compression.  This  example  makes  it  easy  to  see  why 
many  software  packages  are  available  to  conduct  these  calculations.  But  once 
all  RFs  are  obtained,  the  element  with  the  smallest  RF  becomes  the  "controlling 
element"  and  the  overall  bridge  rating  is  based  only  on  its  capacity.  For  many 
small  or  simple  bridges  (such  as  those  on  many  Arniy  installations),  once  this 
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controlling  element  is  determined,  follow-on  analyses  need  only  consider  that 
element. 

In  Equation  5  above,  a  RE  less  than  1 .0  means  that  the  element  or  bridge 
cannot  carry  the  desired  live  load  and  a  restriction  is  required.  A  RF  greater 
than,  or  equal  to,  1.0  means  that  it  is  sufficient  for  the  desired  live  load  and  no 
restriction  is  required.  For  example,  in  Table  2  the  RF  for  the  bottom  chord  in 
the  truss  span  is  0.4  for  one  of  the  rating  vehicles.  This  means  that  the  bottom 
chord  of  the  truss  is  only  capable  of  carrying  40%  of  that  vehicle’s  gross  vehicle 
weight  (and  that  is  what  would  be  posted).  Likewise,  the  girders  in  the  40-foot 
span  have  a  bending  RF  of  1.10  for  one  of  the  rating  vehicles.  This  RF  means 
that  the  girders  in  this  span  are  capable  of  carrying  1 10%  of  that  vehicle’s  gross 
vehicle  weight.  A  typical  civilian  posting  sign  is  shown  in  Figure  2a.  This  type 
of  sign  should  only  be  posted  on  the  bridge  if  the  RFs  are  less  than  1.0  for  any  of 
the  posting  vehicles.  The  allowable  weights  (in  tons)  shown  on  these  signs  are 
obtained  by  multiplying  the  total  weight  (in  tons)  of  the  rating  or  posting  vehicle 
by  the  controlling  (i.e.  lowest)  RF  as  follows: 

Allowable  Weight  =  (RF)(Vehicle  Weight  in  tons)  (6) 

Note  in  Figure  2a  that  the  allowable  weight  of  the  longer  truck  is  larger  than  that 
for  the  shorter  trucks.  This  is  common  and  logical  for  shorter  span  bridges, 
where  the  trucks  may  be  longer  than  the  bridge  span.  In  that  case,  the  total  load 
of  the  longer  truck  will  never  be  completely  on  the  bridge  span  at  the  same  time; 
whereas,  the  total  load  of  the  shorter  truck  can  be  completely  on  the  span  at  one 
time. 

Figure  2b  shows  typical  military  load  class  (MLC)  posting  signs.  These 
signs  are  required  on  all  bridges  on  military  installations  that  carry  military 
traffic.  The  signs  show  wheeled  and  tracked,  one-  and  two-way  classifications. 
The  meaning  of  these  terms  and  MLC  calculation  will  be  discussed  in  the 
following  chapters. 


Table  1 

Comparison  of  Bridges 

Highway  Bridges 

Theater  of 

Operations  Bridges 

Military  Installation 
Bridges 

Service  Life 

50+  years 

1  to  5  years 

50+  years 

Military  Traffic 

Volume 

Essentially  0 

100-5,000  per  day 

0  -  500  per  day 

Civilian  Traffic 

Volume 

>100,000  per  day 

0 

0  - 10,000  per  day 

Vehicle  Speeds 

>65  mph 

25  mph 

25  -  55  mph 

Train  Types 

Cooper  E-80 

Cooper  E-series 

Army  specific 

Fatigue 

Susceptibility 

High 

Low 

Low  to  Medium 

Guidelines  Available 

AASHTO 

TM5-312 

Mixed 
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span  1 


Span  2 


Spans 


Span  4 


Table2  ^  ^  ^ 

Example  Bridge  Rating  Factor  Summary 


I  Bridge  Element 

H20 

Vehicle 

HS  20 
Vehicle 

Type  3 
Vehicle 

Type  3S2 
Vehicle 

Type  3-3  I 
Vehicle 

Girder  Span 

Deck  (bending) 

4.49 

4.49 

8.45 

9.27 

8.99 

Deck  (shear) 

Girders  (bending) 

1.00 

1.05 

1.10 

1.16 

1.05 

Girders  (shear) 

Truss  Span 

Deck  (bending) 

4.33 

4.33 

8.15 

8.94 

8.66 

Deck  (shear) 

Stringers  (bending) 

1.37 

1.37 

2.01 

2.20 

2.44 

Stringers  (shear) 

Floorbeams  (bending) 

1.79 

1.79 

1.99 

1.99 

2.31 

Floorbeams  (shear) 

Top  cord 

0.51 

0.40 

0.60 

0.46 

0.45 

Bottom  cord 

Verticals 

Diagonals 

I 

Controlling  RF 

0.51 

0.40 

0.60 

0.46 

0.45 

Figure  1 .  Basic  design  loads  for  a  bridge 
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a.  Civilian  Posting  Sign  b.  Military  Load  Class  Signs 

Figure  2.  Load  posting  signs  resulting  from  load  rating 
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2  Basic  Concepts 


Bridge  Terminology 


Bridges  are  composed  of  many  different  members,  referred  to  as  "elements." 
The  most  basic  elements  of  a  bridge  are  the  substructure,  superstructure,  and 
deck,  as  shown  in  Figure  3.  The  substructure  supports  the  superstructure  and 
deck,  and  consists  of  the  abutments  and  intermediate  piers  or  pile  bents.  These 
elements  are  supported  on  spread  footings  or  piles.  Substructure  elements  are 
generally  oversized  jfrom  the  load-carrying  standpoint  since  they  must  also 
withstand  such  additional  forces  as  buoyancy,  stream  flow,  debris  and  barge 
impact,  and  wind.  As  a  result,  they  seldom  control  (i.e.,  limit  the  live  load 
capacity)  in  a  load  rating  analysis  and  are  thus  not  discussed  in  detail  herein. 
However,  if  for  any  reason  the  substructure  is  suspect,  it  should  be  checked.  This 
is  consistent  with  the  recommendations  of  Reference  [1].  An  exception  to  this 
rule  is  timber  bent  caps  and  piles,  where  cap  shear  or  lateral-torsional  buckling  of 
the  exposed  portion  of  the  piles  may  control.  These  should  always  be  checked. 

One  of  the  elements  of  the  bridge  superstructure  will  generally  control  in  a 
load  rating  analysis.  Typical  superstructure  elements  and  their  proper 
terminology  are  shown  in  Figure  4.  They  are  usually  constructed  from  timber, 
steel  (either  rolled  stock  or  built-up  plate)  or  concrete  (either  reinforced  or 
prestressed).  A  "girder"  is  the  largest  superstructure  element,  always  spans 
between  substructure  elements,  and  most  often  runs  longitudinally  (i.e.,  parallel 
to  the  direction  of  traffic).  A  "truss"  can  be  used  in  place  of  a  girder  and  serves 
the  same  purpose.  Trusses  are  basically  an  efficient  method  of  making  a  very 
deep  girder.  Like  the  bottom  and  top  flanges  of  the  girder,  the  bottom  and  top 
chords  of  the  truss  act  primarily  to  resist  bending  forces  in  the  span.  Likewise, 
the  vertical  and  diagonal  truss  members  act  like  the  girder  web  to  primarily  resist 
shear  forces.  A  "floor  beam"  always  spans  between  either  girders  or  trusses  and 
most  often  runs  transversely  (i.e.,  perpendicular  to  the  direction  of  traffic).  A 
"stringer"  is  generally  the  smallest  superstructure  element,  always  spans  between 
floor  beams,  and  most  often  runs  longitudinally. 

Figure  4  shows  all  of  the  elements  connected  together  at  their  ends.  This  is 
accomplished  with  either  bolts,  rivets  (old  bridges  only),  or  welds.  Although  not 
shown,  another  means  of  connection  is  to  lay  the  members  over  the  top  of  each 
other;  i.e.,  stringers  on  top  of  floor  beams  and  floor  beams  on  top  of  girders. 
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The  superstructure  elements  support  the  deck,  which  provides  the  surface 
over  which  the  traffic  travels.  Decks  are  usually  either  timber  (plank  or 
laminated),  steel  grid,  or  concrete.  They  span  either  longitudinally  or 
transversely,  depending  upon  the  supporting  superstructure  configuration. 
"Overlays",  usually  of  asphalt  or  concrete,  are  often  used  on  top  of  decks  to 
provide  moisture  protection  and  a  wearing  surface.  While  not  structural 
elements,  they  constitute  a  significant  added  dead  load  on  the  bridge  and  must  be 
considered  in  the  load  rating.  The  same  is  true  for  such  appurtenances  (i.e., 
attachments)  as  railing,  lighting,  sidewalks,  utilities,  etc. 

Bridge  Types  and  Load  Paths 

General 


Bridges  are  generally  described  in  terms  of  their  superstructure  type  and  the 
primaiy  material  composing  the  superstructure.  The  bridges  in  the  following 
paragraphs  are  described  in  this  manner.  From  the  analytical  standpoint,  it  is  also 
important  to  understand  the  manner  in  which  the  bridge  carries  vehicular 
loadings  from  the  bridge  deck  down  to  its  substructure.  This  is  referred  to  as  the 
bridge's  "load  path"  and  will  also  be  discussed  for  each  bridge  type  in  the 
following  paragraphs. 

Slab  Bridges 

One  of  the  most  basic  bridges  is  a  slab  bridge,  as  shown  in  Figure  5.  Unlike 
all  other  bridge  types,  the  deck  of  a  slab  bridge  is  the  only  element  composing  the 
superstructure.  As  demonstrated  in  Figure  5,  the  load  path  is  very  simple.  The 
wheel  loadings  are  carried  through  the  slab,  in  a  longitudinal  direction  (parallel  to 
traffic),  directly  out  to  the  substructure  supports  for  the  slab  bridge.  Because  this 
type  of  bridge  spans  longitudinally  between  its  supports,  the  main  reinforcing  in 
a  slab  bridge  also  runs  longitudinally. 

Box  Culverts 


A  box  culvert  (Figure  6)  is  basically  an  extension  of  a  slab  bridge,  where  the 
top  slab  (or  roof)  is  made  integral  with  its  substructure  supports,  which  consist  of 
the  culvert  walls  and  floor.  Since  they  are  integral,  all  of  the  elements  act 
together  as  a  frame  to  support  the  loads.  As  shown  in  Figure  6,  loads  are 
distributed  to  the  box  culvert  elements  only  through  the  surrounding  soil.  The 
degree  to  which  wheel  loads  are  spread  out  over  the  top  slab  depends  primarily 
upon  the  amount  of  soil  cover.  In  addition  to  wheel  loadings,  each  of  the  culvert 
elements  must  also  support  the  loadings  imposed  by  the  surrounding  backfill. 
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Multi-Girder  Bridges 


Multi-Girder  bridges  are  a  very  common  modem  bridge  type.  Multiple 
girders  span  longitudinally  from  substmcture-  to  substmcture  element.  ITie 
girders  may  be  timber,  steel,  or  concrete  (reinforced  or  prestressed).  A  deck, 
usually  timber  or  reinforced  concrete,  spans  transversely  between  the  girders. 

The  load  path  for  these  bridges  is  demonstrated  in  Figure  7.  In  this  figure, 
typical  multi-girder  bridge  has  been  separated  into  its  separate  elements.  It  can 
be  seen  that  a  vehicle  may  be  at  any  position  on  the  bridge  deck.  For  load  rating 
purposes,  the  vehicle  must  be  located  at  the  position  on  the  deck  (both 
longitudinally  and  transversely)  to  produce  Ae  worst-case  loading  for  each  of  the 
elements  to  be  rated.  Note  that  the  worst-case  position  for  the  deck  rating  will 
not  be  the  worst-case  position  for  the  girder  rating.  The  positions  will  also  be 
different  for  consideration  of  moment  or  shear  effects.  The  exact  manner  in 
which  to  place  loads  in  order  to  maximize  load  effects  will  be  discussed  in  detail 
in  Chapter  3. 

Referring  to  the  end  view  of  Figure  8,  it  can  be  seen  that  the  deck  serves  to 
spread  out  the  wheel  loads,  effectively  transmitting  them  over  and  down  to  the 
girders.  In  the  side  view  it  can  be  seen  that  the  deck  also  serves  to  distribute  the 
wheel  load  out  in  a  longitudinal  direction.  However,  this  effect  is  generally 
ignored  in  load  ratings.  The  girders  share  in  the  loads  to  varying  degrees,  with 
one  carrying  more  of  the  load  than  the  others  due  to  its  closer  proximity  to  the 
applied  loads  vary.  This  girder  will  be  the  "controlling  girder";  i.e.,  the  bridge 
will  only  be  as  strong  as  the  member  with  the  most  load  or  the  weakest  member. 
The  exact  amount  of  load  that  the  controlling  girder  must  carry  is  determined  by 
a  "distribution  factor",  which  in  the  following  section. 

A  timber  multi-girder  bridge  is  demonstrated  in  Figure  9.  This  type  is  very 
common  on  many  military  installations.  A  more  common  name  for  it  is  "timber 
stringer  bridge."  However,  in  keeping  with  the  terminology  discussed  above,  it 
should  actually  be  referred  to  as  a  timber  multi-girder  bridge  since  the 
superstructure  beams  span  from  substructure  to  substructure.  Long  bridges  of 
this  type,  over  multiple  pile  bents,  are  also  referred  to  as  "timber  trestles."  The 
decks  of  these  bridges  are  almost  always  constructed  from  transversely-laid 
timber  and  are  very  often  overlaid  with  sacrificial  "treadways"  to  provide  a 
protective  wearing  surface. 

A  steel  multi-girder  bridge  is  shown  in  Figure  10.  While  inconsistent  with 
the  terminology  used  herein,  this  type  is  also  often  referred  to  as  a  "steel  stringer 
bridge."  The  deck  types  may  of  course  vary;  but  that  shown  in  Figure  10  is 
reinforced  concrete  and  is  the  most  common  for  steel  multi-girder  bridges.  These 
decks  act  as  continuous  one-way  spans  across  the  tops  of  the  girders.  The  upper 
steel  flanges  may  or  may  not  be  embedded  into  the  concrete  deck.  If  fully 
embedded,  the  flange  is  considered  to  be  fully  braced  against  lateral-torsional 
buckling  (discussed  later).  In  addition,  the  concrete  deck  may  be  made  to  act 
compositely  with  the  steel  girders  through  shear  studs  on  top  of  the  girders, 
referred  to  as  "composite  construction."  The  shear  studs  serve  to  transfer  hori¬ 
zontal  shear  stress,  and  thus  longitudinal  bending  stresses,  between  the  girders 
and  the  deck,  allowing  them  to  both  share  in  carrying  the  superstructure  loads. 

The  extent  to  which  the  composite  section  shares  in  the  superstructure  loads 
will  depend  upon  whether  the  girders  were  "imsupported"  or  "supported"  during 
construction  of  the  bridge.  The  most  common  meAod  of  construction  is 
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unsupported,  wherein  the  girders  alone  support  their  own  weight  plus  that  of  the 
wet  deck  concrete  prior  to  curing  of  the  deck  concrete  (i.e.,  before  the  deck  and 
girders  effectively  become  composite).  In  this  case,  the  composite  section  is 
considered  to  only  carry  live  loads  and  any  "superimposed"  dead  loads  such  as 
asphalt  overlays,  railing,  and  utilities.  If  it  is  desired  to  utilize  the  composite 
section  to  carry  all  loads,  then  supported  construction  is  used.  In  this  method,  the 
girders  are  fully  supported  along  their  length  during  bridge  construction,  keeping 
all  stresses  out  of  the  girders  until  full  composite  action  is  achieved. 

A  concrete  "tee-beam"  or  "tee-girder"  bridge  is  shown  in  Figure  1 1  and  is 
similar  to  the  steel  girder  bridge  described  above,  except  concrete  beams  (either 
conventionally  reinforced  or  prestressed)  are  used  in  place  of  the  steel  girders. 
Because  they  are  poured  monolithically  with  the  deck,  the  concrete  girders  are 
effectively  shaped  like  T's  with  the  deck  comprising  the  upper  flange.  The 
primary  conventional  or  prestressed  reinforcing  will  always  run  parallel  to  the 
direction  of  the  girder. 

A  "prestressed  girder  bridge"  is  shown  in  Figure  12.  Prestressed  girders  are 
very  efficient  and  because  tensile  stresses  are  inherently  low  in  them,  cracking  is 
practically  nonexistent,  which  greatly  improves  durability.  These  girders  are 
almost  always  precast  and  are  prestressed  in  one  of  two  ways:  pretensioning  or 
posttensioning.  With  pretensioning,  the  prestressing  wires  are  tensioned  by 
jacking  against  the  ends  of  the  wires  prior  to  concrete  placement.  Once  the 
concrete  has  cured,  the  ends  of  the  wires  are  released  from  the  jacks  and  the 
tensile  stresses  are  effectively  transferred  into  the  girder.  With  posttensioning, 
the  concrete  is  cast  around  the  untensioned  wires,  which  are  generally  separated 
from  the  concrete  by  ducts.  Once  cured  and  in  place  on  the  bridge,  the  prestress 
wires  are  tensioned  by  jacking  against  the  ends  of  the  girders.  Once  the  girders 
are  placed  on  their  substructure  support  on  the  jobsite,  the  concrete  deck  is 
formed  and  cast  on  top  of  them.  Most  often,  the  girders  have  loops  of  reinforcing 
protruding  out  their  top  that  act  as  shear  studs  to  form  a  composite  deck.  As  with 
the  composite  steel  girder  bridge  described  above,  the  composite  action  may  be 
for  live  load  only,  depending  upon  whether  supported  or  unsupported 
construction  was  used.  It  is  also  common  to  make  these  girders  continuous  over 
one  or  more  supports  after  placement  in  the  field.  This  can  be  accomplished 
through  a  variety  of  means,  with  the  most  common  being  external  posttensioning 
at  the  girder  ends  or  by  making  the  deck  continuous  over  the  supports  and 
providing  negative  moment  reinforcing  (usually  not  prestressed)  in  the  deck 
itself. 

A  veiy  efficient  type  of  concrete  girder  bridge  is  the  "concrete  box  girder." 
These  take  many  shapes  and  may  be  single-  or  multiple  celled.  Two  common 
shapes  are  shown  in  Figure  13.  These  bridges  behave  in  the  same  manner  as  the 
other  concrete  girder  bridges  discussed  above.  They  may  be  conventionally 
reinforced  or  prestressed  (pre-  or  posttensioned).  \^ile  they  can  be  cast  in  place, 
they  are  most  often  precast.  Because  of  their  deep  box-like  shape,  they  are  very 
good  at  resisting  torsional  forces  and  are  thus  good  for  bridges  in  curves. 

Distribution  Factor 

The  distribution  factor  (DF)  accounts  for  the  fact  that  vehicle  loads  are 
spread  out  transversely  to  all  bridge  members,  which  share  in  carrying  the  loads 
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to  varying  degrees.  This  concept  is  demonstrated  in  Figure  14.  This  factor  is  one 
of  the  biggest  variables  in  bridge  analysis  and  greatly  affects  the  results. 

As  demonstrated  in  Figure  14,  there  are  several  factors  that  affect  the  degree 
of  distribution  to  members.  Deck  stiffhess,  determined  by  its  material  type  and 
thickness  has  a  significant  effect.  A  non-stiff  deck  will  essentially  act  like  paper 
and  will  be  ineffective  in  spreading  the  load  well.  A  stiff  deck  will  greatly  spread 
the  load,  meaning  each  girder  will  carry  a  much  smaller  percentage  of  load;  i.e.,  a 
small  DF.  The  stiffhess  of  the  members  supporting  the  deck  (such  as  stringers) 
also  affects  the  DF.  Stiff  members  will  act  like  hard  points  and  attract  more  load 
than  a  softer  member.  Member  spacing  also  has  a  significant  effect  on  the  DF. 

As  members  get  farther  apart,  the  wheel  loads  begin  to  appear  more  like  point 
loads  on  simple  spans.  Obviously,  tire  and  axle  widths  also  contribute  to  this 
effect.  The  number  of  traffic  lanes  is  also  a  factor.  With  two  lanes  of  traffic,  two 
wheel  loads  will  effeetively  feed  into  the  same  stringer,  whereas  only  one  wheel 
load  would  have  contributed  if  there  were  only  one  traffic  lane. 

The  above  discussion  provides  the  concept  of  DFs  and  the  variables  that 
affect  them.  Specific  values  for  DFs  are  provided  in  Reference  [3]  in  Table 
3.23.1.  A  study  of  this  table  will  reveal  that  the  same  factors  as  discussed  above 
are  accounted  for  in  the  table.  These  values  are  quite  generic  in  their  usage  and 
are  thus  conservative.  DFs  significantly  affect  the  results  of  analytical  load 
rating  and  thus  their  choice  is  very  important.  If  more  accurate  and/or  less 
conservative  results  are  desired,  a  more  accurate  DF  may  be  obtained  through  3- 
dimensional  analysis  or  load  testing  of  the  bridge.  However,  in  most  cases,  the 
DFs  in  Reference  [3]  will  provide  sufficient  and  conservative  results.  Use  of 
DFs  will  be  demonstrated  in  greater  detail  in  Chapter  3. 

Two-Girder  or  Truss  Bridges 

As  opposed  to  the  multi-girder  bridges  discussed  above,  the  bridge  in  Figure 
15  only  has  two  main  girders  spanning  from  substructure  to  substructure. 

Because  these  girders  support  flie  entire  superstructure,  they  are  usually  very 
large.  The  girders  are  most  often  constructed  from  built-up  plates,  but  may 
sometimes  be  large  rolled  shapes.  They  support  the  "floor  system",  which  is 
composed  of  floor  beams  and  stringers.  The  floor  system  in  turn  supports  the 
deck.  The  bridge  in  Figure  15  is  a  "through-girder"  bridge  in  that  vehicles 
actually  drive  between  the  girders.  This  is  most  efficient  when  under-bridge 
clearances  are  restricted.  When  this  is  not  the  case,  another  common  method  is 
to  place  the  floor  system  and  deck  completely  on  top  of  the  deep  girders. 

As  previously  discussed,  a  truss  bridge  (Figure  16)  works  in  the  exact  same 
manner  as  the  girder  bridge  discussed  above.  The  lighter-weight  truss  allows  for 
spanning  of  larger  gaps.  As  shown  in  Figure  16,  a  truss  is  composed  of  top  and 
bottom  chords  that  are  connected  together  by  vertical  and  diagonal  members. 
These  members  support  the  floor  system.  Lateral  bracing  is  also  provided  to 
keep  the  longitudinal  truss  members  parallel  as  they  undergo  lateral  forces  fi’om 
wind. 

The  general  load  path  for  a  girder  or  truss  bridge  is  shown  in  Figure  17. 

With  these  bridges,  the  loadings  are  spread  out  and  transferred  through  the  deck 
into  the  stringers.  The  stringers  span  between  and  are  supported  by  the 
successive  floor  beams.  As  a  result,  the  floor  beams  only  receive  loads  through 
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the  end  reactions  of  the  stringers  (i.e.,  their  supports).  Floor  beam  loadings  thus 
appear  as  a  series  of  point  loads  (at  the  spacing  of  the  stringers)  over  the  length  of 
the  floor  beam.  Because  they  are  only  loaded  through  the  stringers,  worst-case 
floor  beam  loadings  are  obtained  by  maximizing  the  stringer  reactions.  The  exact 
manner  in  which  to  place  loads  in  order  to  maximize  load  effects  will  be 
discussed  in  detail  in  Chapter  3. 

Floor  beams  are  supported  at  their  ends  by  the  longitudinal  girders  or  trusses. 
As  a  result,  the  girders  or  trusses  only  receive  loads  through  the  support  reactions 
of  the  floor  beams  and  thus,  worst-case  loadings  are  produced  on  these  members 
by  maximizing  the  support  reactions  on  one  end  of  the  floor  beams.  This  is 
accomplished  by  placing  the  vehicle  longitudinally  on  the  bridge  to  produce  the 
worst-case  bending  moment  or  shear  and  transversely  on  the  bridge  to  produce 
the  highest  floor  beam  support  reactions  on  the  controlling  girder  or  truss.  The 
exact  manner  in  which  to  place  loads  in  order  to  maximize  load  effects  will  be 
discussed  in  detail  in  Chapter  3. 

Railroad  Bridges 

Railroad  bridges  have  the  same  superstructure  types  as  the  vehicular  bridges 
described  above,  except  of  course,  their  decks  are  different.  As  shown  in  Figure 
18,  there  are  two  types  of  decks  for  railroad  bridges:  "open"  or  "ballast".  With  an 
open  deck,  the  crossties  transfer  the  rail  loads  directly  into  the  superstructure. 

With  a  ballast  deck,  the  crossties  are  supported  on  regular  railway  ballast  (rocks), 
which  is  contained  within  the  some  form  of  "pan."  With  this  type  of  bridge,  the 
regular  railway  ballast  is  just  continued  across  the  bridge.  This  makes  for  easy 
track  maintenance,  but  makes  inspection  of  the  bridge  superstructure  very 
difficult. 

The  load  paths  in  railroad  bridges  are  very  similar  to  those  for  vehicular 
bridges,  except  they  are  actually  easier  since  the  lateral  position  of  loads  is 
always  fixed  due  to  the  rails  on  which  the  train  must  run.  The  load  path  for  an 
open  deck  railroad  bridge  is  shown  in  Figure  19.  The  rails  spread  the  wheel 
loadings  out  longitudinally  to  the  crossties,  which  transfer  directly  into  the 
stringers.  In  most  cases,  the  stringers  are  centered  or  symmetrically  placed 
directly  beneath  the  rails  so  as  to  keep  bending  and  shear  stresses  very  low  in  the 
crossties.  From  the  stringers  downward  through  the  bridge,  the  load  paths  are  the 
same  as  for  vehicular  bridges. 

The  load  path  for  a  ballast  deck  railroad  bridge  is  demonstrated  in  Figure  20. 
The  wheel  loads  are  spread  out  longitudinally  through  the  rails  to  the  crossties, 
which  are  supported  by  the  deep  ballast.  The  ballast  serves  to  spread  the  loads 
out  uniformly  down  to  the  supporting  deck  and  superstructure  elements.  Specific 
distribution  factors  and  worst-case  loading  methods  for  these  bridge  t)T5es  will  be 
discussed  in  detail  in  Chapter  3. 
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Bridge  Rating  Guidelines  and  Criteria 


As  previously  discussed,  there  are  numerous  guidelines  and  criteria  for  the 
load  rating  of  bridges.  For  military  installations,  specific  doctrine  for  this 
purpose  is  found  in  Army  Regulation  420-72,  entitled,  "Surfaced  Areas,  Railroad 
Tracks,  Bridges,  Dams  and  Associated  Appurtenances."  This  regulation  should 
always  be  the  starting  point  for  any  load  rating  analysis.  It  will  provide  the 
necessaiy  references  to  follow.  For  vehicular  bridges,  the  AR  stipulates  the  use 
of  the  analytical  criteria  set  forth  by  the  American  Association  of  State  Highway 
and  Transportation  Officials,  specifically,  that  in  the  "Manual  for  Condition 
Evaluation  of  Bridges"  [1].  This  manual  contains  the  most  recent  and  state-of- 
the-art  criteria  for  highway  bridges  and  has  thus  also  been  adopted  for  military 
installations.  For  steel  and  concrete  vehicular  bridges,  the  AR  recommends  the 
use  of  the  recently  developed  "Load  and  Resistance  Factor  Rating"  (LRFR) 
method,  as  opposed  to  the  more  familiar  "Allowable  Stress"  method  or  "Ultimate 
Strength"  method  (discussed  in  Chapter  4).  Guidelines  for  the  LRFR  method  are 
provided  in  the  AASHTO  manual  entitled,  "Guide  Specifications  for  Strength 
Evaluation  of  Existing  Steel  and  Concrete  Bridges"  [2].  This  method  has  not  yet 
been  applied  to  timber  bridges,  and  thus  the  conventional  Allowable  Stress 
method  must  still  used  for  them.  References  [1]  and  [2]  provide  only  a  limited 
amount  of  detailed  anal34ical  criteria.  For  detailed  criteria,  these  references  refer 
the  user  to  the  AASHTO  design  manual  entitled,  "Standard  Specifications  for 
Highway  Bridges"  [3]. 

Specific  vehicular  live  loadings  to  be  used  with  the  above  criteria  must  be 
found  in  two  different  locations:  Reference  [1]  specifies  the  civilian  vehicular 
loadings  and  Reference  [4]  specifies  the  military  wheeled  and  tracked  vehicular 
loadings.  It  is  very  important  to  emphasize  that  only  the  vehicular  loading  in 
Reference  [4]  should  be  used.  The  analytical  criteria  in  this  reference  are 
intended  for  temporary  bridges  and  thus  have  reduced  safety  margins  that  are  not 
applicable  to  permanent  bridges  on  military  installations. 

For  railroad  bridges,  both  anal)4ical  criteria  and  train  loadings  come  from  the 
American  Railway  Engineering  Association  (AREA)  manual  entitled,  "Manual 
for  Railway  Engineering"  [5].  Much  of  its  anal34ical  criteria  are  very  similar  to 
that  for  vehicular  bridges  as  discussed  above.  Specific  adaptation  of  the 
Reference  [5]  loadings  to  Army  trains  will  be  discussed  in  Chapter  3. 

All  of  the  above-mentioned  references  were  adopted/modified  from  industry- 
specific  criteria  such  as  References  [6]  through  [8].  While  not  specifically 
required  for  the  load  rating  procedures  discussed  herein,  they  can  provide  greater 
insight  to  the  origins  of  the  criteria  in  References  [1]  through  [4]. 
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Figure  4.  Superstructure  elements 
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Figure  6.  Box  Culverts 
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Figure  7.  General  load  path  for  a  multi-girder  bridge 
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Figure  8.  Longitudinal  and  transverse  load  distribution 


Figure  9.  Timber  stringer  bridge 


Figure  10.  Steel  multi-girder  /  concrete  deck  bridge 
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Figure  15.  Truss  bridge 


Figure  16.  Railroad  bridges 
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Figure  17.  Transverse  load  distribution  through  decks 
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Figure  18.  General  load  path  for  a  girder  or  truss  bridge 
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Figure  19.  General  load  path  for  an  open  deck  railroad  bridge 
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3  Load  Effects 


Dead  and  Secondary  Loads 


Bridge  loadings  may  be  broken  into  three  basic  categories:  dead  loads, 
secondary  loads,  and  live  loads.  The  dead  load  of  a  bridge  is  the  weight  of  the 
structure  itself.  Each  element  of  the  bridge  must  support  its  own  weight  plus  the 
weight  of  any  elements  that  it  supports.  The  weights  of  all  appurtenances,  such 
as  railings,  utilities,  curbs,  etc.,  are  often  significant  and  must  also  be  included  as 
dead  load.  For  railroad  bridges,  the  weights  of  the  railings,  crossties,  ballast,  and 
other  rail-specific  items  must  also  be  included. 

Secondary  loads  cover  a  wide  variety  and  basically  encompass  all  sources  of 
stress  other  than  dead  loads  and  those  from  vehicular  live  loads.  The  main 
sources  of  secondary  loads  are  demonstrated  in  Figure  2 1 .  Referring  to  this 
figure,  expansion/contraction  forces  result  from  temperature  changes  and  age- 
related  shrinkage  and  creep  within  the  bridge  elements.  If  members  are  properly 
detailed  and  bearings  are  properly  designed  and  maintained,  these  forces  should 
not  develop.  Wind  loads  on  both  the  structure  and  passing  vehicles  may  be  a 
significant  source  of  lateral  loading.  Buoyancy,  stream  flow,  and  ice/barge 
impact  forces  affect  mainly  the  substructure  elements.  Braking/traction  forces 
from  vehicles  can  produce  longitudinal  forces  in  the  bridge,  while  lateral 
centrifugal  forces  can  result  from  vehicles  traversing  a  curved  bridge.  Snow 
loads  and  earthquake  loads  are  also  considered  secondary  loads.  While 
secondary  loads  have  a  significant  impact  on  the  design  of  bridges,  they  are 
considered  intermittent  loads  and  thus  are  generally  not  considered  in  load  rating 
analyses  on  vehicular  bridges,  as  per  Reference  [1]. 

Reference  5  does  not  differentiate  between  design  loads  and  rating  loads  for 
railroad  bridges.  Therefore,  unlike  vehicular  bridges,  secondary  loads  must  be 
considered  for  these  bridges.  Specifically,  secondary  railroad  loadings  include 
centrifugal  forces  from  trains  in  curves,  wind  on  the  train  and  bridge,  nosing  of 
the  locomotive  (i.e.,  lateral  steerage  forces  against  the  rails),  and  increased 
impact  from  steam  locomotives.  The  specific  references  for  these  loadings  are 
summarized  in  Table  2. 
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1  Table  2.  ”  1 

1  Secondary  loads  for  railroads  1 

Loading 

Article  #  in  Reference  5 

Timber 
Chap.  7 

Concrete 
Chap.  8 

steel  ^ 
Chap.  15 

Dead  Load  from  track,  ties,  ballast,  etc. 

2.5.2 

2.2.3(b) 

7.3.3.1 

Centrifugal  force 

r  2.5.4 

2.2.3(e) 

7.3.3.1 

Wind  on  structure  ^ 

2.5.5. 1 

2.2.3(h) 

7.3.3.5 

Wind  on  Train  ^ 

2.5.5.2 

2.2.3(i) 

7.3.3.5 

Nosing  of  locomotive  ^ 

2.5.5.3 

NA 

NA 

Impact 

NA 

19.3.4 

7.3.3.3 

be  bridge  and  locale  dependent.  Thus,  apply  at  the  discretion  of  the  engineer. 

2.  Article  2.5.5.3,  Reference  5,  stipulates:  Because  of  the  limited  duration  of  these  loads,  lateral  forces  from 
wind  and  nosing  need  not  be  considered  with  stringers.  Thus,  these  forces  are  only  applicable  to  rails  and 
lateral  bracing. 

3.  Note  that  this  is  the  only  chapter  that  differentiates  between  rating  and  design  loads. 


Live  Loads 


General 


Live  loads  consist  of  the  moving  transient  traffic  on  the  bridge,  including 
cars,  trucks,  trains,  and  pedestrians.  Since  there  are  countless  varieties  of  live 
load  traffic  on  any  bridge,  generic  representative  loadings  are  defined  for  which 
the  bridge  can  be  designed  and  load  rated.  Bridges  on  military  installations  will 
be  exposed  to  four  basic  live  load  types:  civilian  vehicles  (cars  and  trucks); 
military  vehicles  (wheeled  and  tracked);  trains,  and  pedestrians.  The  generic 
vehicles  defined  to  represent  these  loadings  are  presented  in  the  following 
paragraphs.  While  they  must  be  inspected  for  safety  and  integrity,  pedestrian 
bridges  do  not  require  load  rating  and  are  thus  not  discussed  herein. 

Civilian  vehicular  loads 


Civilian  vehicular  loads  include  cars  and  trucks.  Obviously,  truck  traffic  will 
produce  much  heavier  loads  than  cars,  and  thus  trucks  are  considered  the 
controlling  loads  for  analysis.  There  are  countless  types,  sizes,  and  weights  of 
trucks  on  the  roads  today,  and  obviously  a  bridge  cannot  be  analyzed  for  each 
one  of  the  specific  trucks  expected  to  use  the  bridge.  Therefore,  Reference  1 
provides  the  generic  trucks  shown  in  Figure  22  for  use  in  bridge  “rating”  and 
“posting.”  Bridges  must  be  both  rated  and  posted.  The  distinction  between 
rating  and  posting  is  discussed  in  the  following  paragraphs. 

A  bridge  is  rated  in  order  to  directly  compare  its  existing  load  capacity  to  its 
original  design  capacity,  and  thus  obtain  an  indication  of  its  current  state  of 
deterioration.  To  obtain  a  direct  comparison,  the  vehicles  for  which  the  bridge 
was  originally  designed  must  also  be  used  in  the  load  rating  analysis.  The  most 
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common  rating  truck  shown  in  Figure  22a  is  referred  to  as  the  HS20.  It  is  the 
same  as  that  used  for  the  design  of  U.S.  and  many  foreign  bridges.  In  addition,  a 
load  rating  using  the  HS20  truck  is  required  for  input  to  the  National  Bridge 
Inventory  (NBI),  which  is  now  a  requirement  for  all  installation  bridges  within 
the  U.S. 

The  HS  truck  in  Figure  22a  was  originally  derived  in  1944.  It  is  a 
h)q)othetical  vehicle  intended  to  represent  the  heaviest  tmck  loading  on  highway 
bridges.  The  axle  loadings  (in  kips)  and  spacings  (in  feet)  are  shown  in  Figure 
22a.  For  the  HS20,  the  spacing  of  the  additional  axle  varies  between  14-  and  30 
feet  in  order  to  maximize  the  load  effect  on  the  bridge  (discussed  in  a  later 
section).  The  effects  from  the  single  HS20  loading  must  also  be  compared  to  the 
“lane  loading”  shown  in  Figure  22a.  The  lane  loading  represents  the  effect  of 
multiple  HS20  trucks  on  a  span  at  one  time  and  generally  will  not  control  for 
span  lengths  less  than  150  feet. 

The  posting  vehicles  shown  in  Figure  22b  are  used  to  actually  determine  the 
load  limit  that  will  be  posted  on  the  bridge.  Rating  vehicles  are  generally  not 
used  for  this  purpose.  The  posting  vehicles  are  referred  to  as  Type  3,  Type  3-S2, 
and  Type  3-3,  and  are  intended  to  more  realistically  represent  the  actual  trucks 
using  the  bridge.  Many  states  have  derived  their  own  posting  vehicles,  referred 
to  as  “State  Legal  Loads.”  If  an  installation  bridge  is  within  a  state  that  has  its 
own  legal  loads,  they  should  be  used  along  with  or  in  lieu  of  the  posting  vehicles 
shown  in  Figure  22b. 

Based  on  the  above  descriptions,  bridges  with  civilian  traffic  should  be  load 
rated  for  at  least  four  different  trucks:  the  HS20  for  rating  and  NBI  reporting 
purposes,  and  the  three  “Type”  trucks  (or  equivalent  state  legal  loads)  for  posting 
purposes.  The  maximum  live  load  effects  from  these  vehicles  will  be  discussed 
in  the  following  section  and  their  use  demonstrated  in  the  load  rating  examples  of 
the  appendices. 

Military  vehicular  loads 

Military  vehicles  are  quite  different  from  civilian  vehicles.  They  include 
both  wheeled  (i.e.,  rubber  tired)  trucks  and  tracked  vehicles  such  as  tanks. 
Because  bridges  on  military  installations  must  often  carry  high  volumes  of  these 
vehicles,  the  Military  Load  Classification  (MLC)  must  be  determined  in  addition 
to  the  civilian  load  ratings  discussed  above.  The  MLC  describes  the  maximum 
t5q)e  and  size  of  military  vehicle  that  may  safely  use  the  bridge. 

As  with  civilian  vehicles,  the  hypothetical  military  vehicles  shown  in  Figure 
23(Reference  [4])  have  been  defined  according  to  a  Standard  NATO  Agreement 
(STANAG).  They  were  developed  to  represent  all  military  vehicles  used  by  the 
participating  NATO  countries.  All  real  vehicles  are  related  to  the  hypothetical 
vehicles  through  an  analytical  process  (not  discussed  herein)  involving  the 
comparison  of  the  bending  moments  and  shears  produced  by  the  actual  vehicle 
on  various  span  lengths  to  those  produced  by  the  hypothetical  vehicles.  The  real 
vehicle's  MLC  is  placarded  on  its  front  grill  in  a  specific  location.  The  allowable 
MLC  is  also  posted  on  all  bridges  that  must  carry  military  traffic.  A  specific 
vehicle  may  cross  all  bridges  that  have  higher  posted  MLCs  than  itself. 

The  hypothetical  vehicles  in  Figure  23  are  grouped  according  to  their  “Class” 
(Column  1).  For  each  Class,  there  is  an  associated  hypothetical  wheeled  and 
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tracked  vehicle.  For  tracked  vehicles,  the  Class  directly  relates  to  its  total  weight 
(in  tons).  For  wheeled  vehicles,  the  Class  is  not  exactly  the  same  as  the  weight, 
but  represents  a  wheeled  vehicle  that  produces  a  similar  load  effect  (i.e.,  span 
moment  or  shear)  to  that  of  the  same  Class  tracked  vehicle.  Specific  axle 
loadings  (in  tons)  and  spacings  for  these  vehicles  are  shown  in  Columns  2  and  3 
of  Figure  23.  The  maximum  load  to  be  expected  for  any  axle  on  the  vehicle  is 
shown  in  Column  4.  The  maximum  live  load  effects  from  these  vehicles  will  be 
discussed  in  the  following  section  and  their  use  demonstrated  in  the  load  rating 
examples  of  the  appendices. 

Special  military  loads 


In  recent  years,  it  has  been  found  that  some  of  the  newer  and  larger  vehicles 
in  the  U.S.  inventory  are  not  well  represented  by  the  hypothetical  vehicles  shown 
in  Figure  23.  While  MLCs  have  been  applied  to  these  vehicles,  their  load  effects 
(i.e.,  span  bending  moment  and  shear)  only  correspond  to  those  from  the 
specified  hypothetical  vehicle  for  spans  within  a  very  narrow  range.  The  Heavy 
Equipment  Transport  (HET)  System,  used  for  hauling  the  Ml  tank  over  roads,  is 
a  specific  and  one  of  the  most  extreme  examples  of  this  problem. 

The  HET  has  an  assigned  MLC  of  95.  As  for  all  military  vehicles,  this  was 
determined  by  calculating  the  bending  moments  produced  by  the  HET  and 
overlaying  these  values  onto  the  standard  moment  and  shear  curves  from  the 
hypothetical  vehicles,  as  demonstrated  in  Figure  24.  The  highest  Class  to  which 
the  HET  curve  corresponds  is  Class  95  (linearly  interpolated  between  the  Class 
90  and  100  curves)  at  span  lengths  of 200  feet  and  greater.  The  HET  has 
therefore  been  assigned  MLC  95.  However,  the  HET  moment  curve  only 
corresponds  to  this  large  of  an  MLC  for  spans  greater  than  200  feet.  For  shorter 
spans,  which  are  much  more  common  on  military  installations,  it  corresponds  to 
considerably  smaller  Classes. 

As  an  example,  the  bending  moment  actually  produced  by  the  HET  on  a  30- 
foot  span  corresponds  to  that  produced  by  a  Class  70  vehicle  on  the  same  span 
length  (Refer  to  Figure  24).  Therefore,  if  the  stated  MLC  of  95  is  used 
indiscriminately  for  the  HET  (as  is  often  done),  a  bridge  with  a  30-foot  span  will 
be  designed  and/or  rated  for  the  bending  moment  for  a  Class  95  hypothetical 
vehicle,  which  from  Figure  24  is  approximately  740  foot-kips.  However,  in 
actuality,  the  HET  only  produces  a  bending  moment  of  approximately  560  foot- 
kips,  which  corresponds  to  an  MLC  of  70.  This  effect  has  been  demonstrated  in 
Figure  25,  which  shows  the  equivalent  MLC  for  the  HET  on  various  span 
lengths. 

The  reason  for  the  discrepancy  can  be  imderstood  when  the  HET  and  Class 
95  hypothetical  vehicles  are  compared  as  in  Figure  25.  Although  they  both  have 
similar  total  weights  (1 15.7  tons  for  the  loaded  HET  compared  to  1 10  tons  for  the 
Class  95),  the  HET  is  21.75  feet  longer  and  has  four  more  axles  over  its  length. 
Additionally,  the  loadings  on  each  axle  are  lower.  As  a  result  of  these 
differences,  the  HET  loadings  are  better  spread  out  over  short  spans.  Only  spans 
greater  in  length  than  61.75  feet  (the  length  of  the  HET)  will  see  all  of  the  HET 
loading  at  one  time;  i.e.,  the  HET  will  not  completely  fit  on  spans  shorter  than 
this. 
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To  address  the  above  discrepancy  in  a  load  rating  for  the  HET,  the 
Equivalent  MLC  chart  in  Figure  25  should  be  used.  For  the  span  length  under 
consideration,  determine  the  equivalent  MLC  for  the  HET  on  that  span  length. 
Use  the  actual  moment  and  shear  values  for  that  MLC.  This  process  will  be 
demonstrated  in  the  load  rating  examples  in  the  Appendices. 

As  can  also  be  seen  in  Figure  25,  the  HET  has  eight  wheels  across  its  trailer 
axles  as  opposed  to  four  on  the  hypothetical  vehicles.  The  additional  wheels 
should  serve  to  better  distribute  the  trailer  loadings  out  transversely  to  a  bridge's 
longitudinal  load  carrying  members  (such  as  stringers  and  girders);  i.e.,  the 
percentage  of  total  load  to  each  member,  as  represented  by  Distribution  Factors, 
should  be  less.  Research  is  underway  to  develop  more  accurate  and  generic  DFs 
for  the  HET.  But  until  these  results  are  obtained.  If  the  standard  DFs  from 
Reference  3  prove  to  be  too  conservative,  more  detailed  3-dimensional  analyses 
(such  as  wnth  finite  elements)  or  actual  load  tests  may  be  conducted  to 
specifically  address  the  load  effect  of  the  vehicle  on  the  specific  bridge. 

Railroad  loads 

In  order  to  understand  the  requirements  for  Army  rail  lines,  it  is  important  to 
first  understand  those  for  the  commercial  rail  lines  as  follows:  Commercial  rail 
lines  must  support  high  volumes  of  heavy  freight  traffic  on  a  daily  basis.  For 
these  lines.  Reference  [5]  stipulates  that  their  bridges  should  be  designed  to  carry 
the  loadings  from  the  generic  (hypothetical)  Cooper  "E"  series  of  loading,  with 
the  heaviest  being  that  from  the  E80  loading.  The  E80  loading  was  developed 
long  ago  when  steam  trains  were  much  heavier  than  the  diesel  trains  of  today.  To 
account  for  this.  Reference  [5]  stipulates  that  "bridges  shall  be  rated  for  the 
Cooper  series  of  loading  or  for  the  maximum  train  that  the  specific  bridge  must 
carry.  For  purposes  of  reporting,  these  trains  shall  be  converted  to  equivalent  E- 
loadings."  Specific  trains  are  converted  to  equivalent  E-loadings  by  comparing 
the  load  effects  (i.e.,  applied  shear  and  moment)  from  the  specific  train  to  that  for 
the  E80  as  follows: 


Equivalent  E  -  Loading  = 


Load  effect  from  actual  train 
Load  effect  from  E80  train 


(80), 


(7) 


where  the  term  "load  effect"  may  be  either  applied  shear  or  bending  moment. 

The  new  Army  Regulation,  AR420-72  states  that  the  above  loading 
methodology  should  also  be  used  for  Army  railroad  bridges.  The  heaviest  and 
most  typical  locomotives  and  rail  cars  utilizing  Army  railroads  are  depicted  in 
Figures  26  through  29.  There  axle  loadings  are  compared  to  the  E80  loading  in 
Figure  30  and  it  can  be  seen  that  their  axle  loadings  are  significantly  lower  than 
those  from  the  E80.  The  midspan  bending  moments  and  endspan  shears 
produced  by  these  trains  on  various  span  lengths  are  provided  in  Figures  31a  and 
32a,  respectively.  Additionally,  these  values  have  been  converted  using  Equation 
7  to  Equivalent  E-loadings  and  plotted  in  Figures  3  lb  and  32b. 
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Maximum  Live  Load  Effects 


General 


From  basic  strength  of  materials,  it  is  known  that  for  a  point  load  on  a  beam, 
maximum  bending  moment  occurs  when  the  load  is  at  the  midspan  and  the 
maximum  shear  will  occur  when  the  load  is  at  or  near  the  end  of  the  span.  The 
same  general  principals  are  applied  in  the  application  of  vehicular  live  loadings 
to  bridge  elements.  Except,  the  problem  becomes  somewhat  more  complicated 
with  multiple  loads  such  as  from  a  series  of  truck  axles.  Vehicular  live  loadings 
and  the  manners  in  which  their  loads  are  transmitted  through  the  bridge,  from  the 
wheel  contact  points  down  to  the  substructure,  were  demonstrated  previously. 
Each  live  loading  must  be  placed  on  the  bridge  in  order  to  maximize  the  load 
effect  (moment  and  shear)  in  each  of  the  elements  considered  in  the  analysis. 

This  location  will  be  different  for  each  element  type.  Obviously,  the  vehicle 
location  to  produce  maximum  bending  moment  in  a  transverse  floor  beam  will  be 
different  from  that  for  a  longitudinal  girder.  Reference  [3]  (Article  3.23) 
provides  specific  guidance  for  the  loading  of  all  elements.  A  summary  for  the 
most  common  bridge  elements  is  in  the  following  paragraphs. 

Decks 


The  maximum  loading  locations  for  bridge  decks  are  demonstrated  in  Figure 
33.  The  stringers  support  the  deck.  Along  the  length  of  the  bridge  (i.e., 
longitudinally),  the  deck  essentially  has  an  infinite  span  length  compared  to  its 
transverse  span  between  stringers  or  girders.  Thus,  its  strength  in  the 
longitudinal  direction  is  neglected  and  the  deck  is  considered  to  only  span 
transversely  between  the  supporting  stringers  or  girders.  Therefore,  the 
longitudinal  location  of  the  live  load  is  irrelevant  for  decks.  The  lateral  location 
of  the  wheel  line  (i.e.,  half  the  axle  load)  is  the  important  parameter. 

Referring  to  the  end  view  of  Figure  33,  it  can  be  seen  that  for  normally 
spaced  stringers  (spacing  less  than  axle  width),  the  deck  is  considered  loaded  by 
a  single  point  load,  which  is  actually  one  wheel  of  the  live  load.  Therefore,  the 
maximum  bending  moment  in  a  deck  span  is  produced  by  placing  the  maximum 
wheel  load  at  the  center  of  the  longest  span  between  stringers  or  girders.  Since 
the  deck  spans  multiple  girders,  which  are  the  deck's  supports,  the  deck  is 
essentially  a  continuous  span  beam  across  its  supports  and  should  be  considered 
as  such  in  calculating  the  resulting  bending  moment.  The  continuous  beam 
diagrams  in  Reference  [6]  provide  an  excellent  aid  for  this  purpose.  For 
simplicity  in  these  calculations,  the  moment-reducing  effect  of  the  wheel  load  at 
the  other  end  of  the  axle  on  the  same  continuous  span  is  often  conservatively 
neglected.  The  maximum  shear  is  produced  on  a  deck  span  by  placing  the  wheel 
load  at  the  support.  Therefore,  the  resulting  shear  will  be  equal  to  the  applied 
wheel  load. 

For  civilian  loads,  obtain  the  maximum  wheel  loads  from  the  rating  and 
posting  vehicles  in  Figure  22  by  dividing  the  axle  loads  by  2.  For  military  loads, 
use  the  maximum  axle  loads  of  column  4,  Figure  23.  Note  that  the  axle  loads  in 
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Figure  23  are  in  tons.  Thus,  the  wheel  load  (i.e.  one-half  the  axle  load)  in  kips 
will  equal  to  the  axle  load  in  tons. 

Stringers  or  multi-girders 


The  maximum  loading  locations  for  longitudinally-spanning  stringers  or 
multi-girders  are  demonstrated  in  Figure  34.  These  elements  support  the  deck 
and  thus  all  loads  come  through  the  deck.  As  with  any  simple  beam,  the 
maximum  bending  moment  will  be  produced  in  a  simply-supported  stringer  or 
girder  when  the  live  load  is  near  the  midspan.  Because  multiple  point  loadings  of 
different  magnitudes  are  involved,  the  maximum  moment  will  not  be  at  exactly 
midspan.  A  general  rule  in  this  case  is  that  the  maximum  moment  will  occur 
under  the  heaviest  axle  when  that  axle  is  the  same  distance  from  the  midspan  as 
the  truck's  center  of  gravity,  as  demonstrated  in  Figure  35).  These  maximum 
values  may  be  determined  analytically  with  simple  beam  theory.  However,  these 
values  have  been  pre-calculated  and  are  provided  in  Figures  36  and  37  for 
civilian  loadings  [1],  and  Figures  38  and  39  for  military  loadings  [4].  Note 
carefully  that  the  military  loading  values  are  for  axle  loadings,  as  opposed  to 
wheel  lines  for  the  civilian  loadings.  A  wheel  line  loading  represents  one  side  of 
the  vehicle  only,  and  is  thus  one-half  of  an  axle  loading. 

Referring  to  the  "End  View"  of  Figure  34,  it  can  be  seen  that  the  live  load 
effects  are  shared  among  individual  stringers  because  the  deck  serves  to  disperse, 
or  distribute  the  loading  outward  to  all  stringers,  to  varying  degrees. 

Conceptually,  the  effect  on  an  individual  stringer  is  maximized  by  placing  a 
wheel  line  load  directly  over  that  stringer.  Accounting  for  this  load  distribution 
anal)4ically  can  be  quite  complex.  Fortunately,  calculational  aids  have  been 
provided  in  Table  3.23.1  of  Reference  [3]  in  the  form  of  Distribution  Factors 
(DFs),  which  were  previously  discussed  in  Chapter  2  of  this  report.  The 
appropriate  DF  (depending  upon  deck  and  stringer  type,  and  stringer  spacing) 
should  be  multiplied  by  the  maximum  bending  moment.  The  resulting  value 
represents  the  maximum  moment  that  a  single  stringer  should  experience. 

Figure  34  also  demonstrates  that  the  maximum  endspan  shear  will  occur 
when  the  truck's  heaviest  axle  is  at  the  support  and  will  equal  to  the  support 
reaction.  These  values  are  easily  calculated  by  hand  using  conventional  static 
beam  analysis  techniques,  but  can  also  be  determined  from  the  equations  shown 
in  Figure  37[1].  These  equations  can  also  be  used  for  calculating  the  maximum 
shears  at  any  point,  x,  on  the  span.  Note  that  there  are  span  length  limits  outside 
of  which  these  equations  are  not  valid.  For  spans  outside  of  these  limits, 
solutions  must  be  calculated  by  hand. 

Maximum  endspan  shears  from  military  loadings  are  provided  in  Figure  39. 
Note  carefully  that  these  values  are  for  axle  loadings  (as  opposed  to  wheel  lines) 
and  the  units  are  in  tons. 

Distribution  of  shear  loadings  is  different  than  for  bending  moment.  Because 
stringers  will  be  very  stiff  near  their  supports,  very  little  distribution  of  shear 
loadings  near  the  supports  will  occur.  However,  shear  loadings  out  from  the 
supports  will  be  distributed  similar  to  that  for  moment.  Article  3.23.1.2  of 
Reference  3  provides  specific  guidance  for  the  distribution  of  shear  loadings. 
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Floor  beams 


The  maximum  loading  locations  for  floor  beams  are  demonstrated  in  Figure 
40.  A  floor  beam  acts  as  a  simple  beam  to  support  the  stringers,  which  in  turn 
support  the  deck.  Therefore,  the  floor  beam  can  only  receive  loads  from  the 
support  reactions  of  the  stringers.  Referring  to  the  "Side  View"  of  Figure  40,  it 
can  be  seen  that  the  live  load  must  be  placed  so  as  to  maximize  the  stringer 
support  reactions.  These  reactions  is  can  be  maximized  analytically,  much  by 
trial  and  error,  or  through  the  aid  of  the  pre-calculated  tables  in  Figure  41  for 
civilian  loads,  and  Figure  42  for  military  loads.  These  maximum  reactions  are 
used  for  calculation  of  both  bending  moment  and  shear  in  the  floor  beam. 
Referring  to  the  "End  View"  of  Figure  40,  the  maximum  bending  moment  will 
occur  when  the  axle  loads  are  as  close  to  the  center  of  the  floor  beam  as  possible. 
The  following  equation  (Reference  [1])  may  be  used,  along  with  the  maximmn 
reactions  discussed  above  to  calculate  the  maximum  floor  beam  bending 
moment: 


M  = 


{L-3fR 


2L 


,  for  one-lane  loading;  and 


(8) 


MM  L-9  + 


2.25 


R  ,  for  two-lane  roadways; 


(9) 


where;  M  =  Moment  in  transverse  beam, 

R  =  Maximum  reaction  (Tabular  value  from  Figures  41  and  42), 

L  =  Span  of  transverse  beam,  in  feet. 

Maximum  shear  will  occur  when  the  axle  is  as  close  to  the  edge  as  possible. 
The  axle  load  distance  from  the  edge  of  the  bridge  is  limited  by  Reference  [1]  to 
2.0  feet  between  the  wheel  centerline  and  the  inside  curb.  The  following  equation 
from  Reference  [1]  may  be  used,  along  with  the  maximum  reactions  from 
Figures  41  or  42  to  calculate  the  maximum  floor  beam  shear: 


V  =  \  1  + 


W-9 


C 


R ,  for  one-lane  loading;  and 


(10) 


IT- 18' 

V  =  \  I -i - 1  R ,  for  two-lane  loading; 


(11) 


where:  W=  Width  of  roadway,  in  feet; 

C  =  Length  of  floorbeam  between  supports,  in  feet. 


Girders  or  trusses 


The  maximum  loading  locations  for  girders  or  trusses  are  demonstrated  in 
Figure  43.  As  previously  discussed,  girders  and  trusses  are  similar  in  the  way 
that  they  receive  and  cany  loads.  They  support  the  floor  system,  which  is 
composed  of  the  deck,  stringers,  and  floor  beams.  Therefore,  all  loading  is 
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transmitted  to  girders  or  trusses  through  the  support  reactions  of  the  floor  beams. 
However,  in  the  longitudinal  direction  (refer  to  the  "Side  View"  of  Figure  43),  it 
is  simpler  to  neglect  this  effect  and  consider  the  live  load  directly  supported  by 
the  girder  or  truss.  Since  these  members  span  longitudinally  between 
substructure  elements  the  same  as  the  girders  of  a  multi-girder  bridge,  the 
maximum  bending  moments  and  shears  will  be  produced  in  the  same  manner. 
Therefore,  for  girders,  the  maximum  live  load  moments  and  shears  will  be  taken 
from  Figures  36  through  39.  For  trusses,  the  maximum  axial  loads  in  each  truss 
member  can  be  found  from  the  Appendices  of  Reference  1 . 

As  demonstrated  in  the  "Side  View"  of  Figure  43,  the  girders  or  trusses  will 
share  to  varying  degrees  in  caring  the  total  live  load  effect,  depending  upon  the 
lateral  position  of  the  live  load  on  the  deck.  The  only  way  that  they  would  share 
equally  in  carrying  the  live  load  would  be  if  vehicle  drove  exactly  along  the 
centerline  of  the  bridge.  This  will  rarely,  if  ever  be  the  case.  Conceptually,  the 
worst-case  loading  will  be  produced  in  a  single  girder  or  truss  (i.e.,  on  one  side  of 
the  bridge)  by  placing  the  live  load  as  close  to  the  edge  of  the  bridge  as  possible. 
Reference  [1]  provides  a  generic  equation  to  represent  the  maximum  percentage 
of  live  load  for  a  single  girder  or  truss.  This  value  is  referred  to  as  "wheel  lines 
per  truss"  or  "distribution  factor"  (DF)  and  should  be  multiplied  by  the  maximum 
load  effects  as  described  above.  The  generic  equation  is  as  follows; 


Wheel  lines  per  truss 


for  one-lane  loading  and 


(12) 


Wheel  lines  per  truss 


W-\Z^ 


,  for  two-lane  loading. 


(13) 


This  equation  is  for  a  vehicle  location  of  2.0  feet  between  the  wheel  centerline 
and  the  inside  curb.  If  other  limiting  scenarios  must  be  considered,  the  equation 
can  be  easily  derived  by  summing  moments  about  one  of  the  girders  or  trusses  as 
demonstrated  in  Figure  44.  Once  calculated,  the  DF  should  be  multiplied  by  the 
maximum  bending  moments  or  shears  as  discussed  above. 


Railroad  bridges 


Since  railroad  bridges  have  essentially  the  same  structural  makeup  as 
vehicular  bridges,  the  load  effects  will  be  maximized  in  the  same  way  also;  i.e., 
place  loads  near  midspan  for  maximum  bending  moment  and  at  or  near  the 
supports  for  maximum  shear.  Laterally,  railroad  bridges  are  much  easier  to 
consider  since  the  lateral  position  of  trains  is  maintained  by  the  rails.  Because  of 
this  fact,  longitudinal  load-canying  members  (stringers  or  multiple  girders)  are 
placed  symmetrically  beneath  the  rail  locations.  Reference  [5]  provides  specific 
guidance  for  the  distribution  of  train  loadings.  This  guidance  is  summarized  as 
follows: 

For  timber  bridge  members:  Cross-tie  size  and  stringer  arrangement  beneath 
the  rails  will  usually  be  such  that  the  track  loads  will  be  equally  distributed 
(laterally)  to  all  stringers.  If  for  some  reason,  this  situation  is  suspect,  Reference 
[5]  provides  an  approximate  analysis  procedure  for  stringer  distribution.  For 
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Ballast  Deck  Bridges,  the  live  load  is  assumed  distributed  laterally  over  a  width 
equal  to  the  length  of  the  tie  plus  twice  the  depth  of  ballast  below  the  base  of  the 
tie,  as  demonstrated  in  Figure  45a.  Along  the  length  of  a  stringer,  each  axle 
loading  is  assumed  to  be  spread  out  over  three  ties.  This  is  only  true  if  the 
recommended  maximum  clear  space  between  ties  does  not  exceed  8  inches  for 
Open  Deck  Bridges  and  24  inches  for  Ballast  Deck  Bridges. 

For  Concrete  bridge  members:  Axle  loads  are  to  be  distributed 
longitudinally  over  3  feet  plus  the  depth  of  ballast  under  the  tie,  plus  twice  the 
effective  depth  of  slab;  but  not  to  exceed  the  axle  spacing  (Refer  to  Figure  45b). 
Laterally,  the  live  load  from  a  single  track  over  ballasted  deck  is  assumed  to  have 
uniform  distribution  over  a  width  equal  to  the  length  of  track  tie  plus  the  depth  of 
ballast  below  the  bottom  of  the  tie,  unless  limited  by  the  extent  of  the  structure 
(Refer  to  Figure  45c). 

For  Steel  bridge  members:  Where  two  or  more  longitudinal  beams  per  rail 
are  properly  diaphramed  and  symmetrically  spaced  beneath  the  rail,  they  are 
assumed  to  share  equally  in  carrying  the  load.  For  Open  Deck  Bridges,  axle 
loads  are  assumed  to  be  distributed  equally  along  the  length  of  the  beam  (i.e., 
longitudinally)  through  all  ties  or  fractions  thereof  within  a  distance  of  4  feet,  but 
not  to  exceed  3  ties  (Figure  45d).  For  ballasted  deck  bridges,  each  axle  load  is  to 
be  distribute  longitudinally  over  3  feet  plus  the  minimum  depth  between  the 
bottom  of  the  tie  and  top  of  the  beam;  but  not  to  exceed  5  feet  or  the  minimum 
axle  spacing  (Figure  45e). 


Load  Effects  on  Continuous  Spans 


All  of  the  previous  discussions  of  maximum  load  effects  have  been  only  for 
simple  span  bridge  members.  However,  bridge  members  can  also  be  continuous 
over  their  supports  for  two  or  more  spans;  i.e.,  continuous  span.  A  continuous- 
span  multi-girder  bridge  is  compared  to  a  similar  simple-span  bridge  in  Figure 
46.  Continuous  spans  serve  to  spread  out  and  share  applied  loads  with  adjacent 
spans,  thereby  reducing  the  overall  effect  of  the  loads  at  any  one  location;  i.e., 
shear,  moment,  and  deflection.  Figure  47  demonstrates  that  bridge  decks, 
supported  by  the  main  superstructure  members,  are  often  continuous  span. 

While  not  as  easy  as  simple-span  beam  analysis,  calculation  of  load  effects 
on  continuous  span  beams  is  fairly  routine  for  statically-applied  loads,  such  as 
dead  load.  Conventional  structural  analysis  techniques,  such  as  the  Moment 
Distribution  and  Slope  Deflection  methods,  may  be  performed  by  hand  with 
reasonable  ease  for  these  problems.  Many  pre-calculated  solutions  also  exist  for 
common  static  load  and  span  combinations  [6]. 

However,  the  problem  becomes  more  difficult  with  continuous  span  bridge 
members  since  they  must  carry  moving  loads  (i.e.,  live  loads).  Figure  48 
demonstrates  that  loading  effects  at  any  location  on  the  span  will  vary  with  each 
position  of  the  live  load  on  the  span.  For  example,  the  position  of  the  truck  that 
would  produce  the  maximum  moment  at  the  middle  of  span  1  will  be  completely 
different  than  that  for  the  maximum  negative  moment  at  support  A. 

The  same  conventional  structural  analysis  techniques  as  mentioned  above 
can  also  be  used  for  a  moving  load  analysis.  Multiple  solutions  for  a  moving 
point  load  can  be  used  to  generate  influence  lines,  which  lead  to  maximum  shear 
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and  moment  envelopes  for  the  span  configuration.  This  process  is  demonstrated 
in  Figure  49  for  a  simple  span  beam.  While  the  same  type  of  solution  can  be 
achieved  for  any  continuous  span  combination,  it  will  be  very  tedious  and  time 
consuming.  Computerized  solutions  to  these  problems  are  highly  recommended. 
Many  programs  already  exist  for  this  purpose  and  may  be  purchased  at 
reasonable  prices. 
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Figure  21 .  Secondary  loads  on  bridges 


Concentrated  load:  18,000  lbs.  for  moment;  26, 


Figure  22.  Civilian  live  loads  (reference  [1]) 


Table  C«l.  Standard  Classes  of  Hypothetical  Vehicles 
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Figure  23.  Military  live  loads  (reference  [4]) 


'om  chart  below, 
moment  and  shear  tables 


Figure  25.  Heavy  Equipment  Transport  System  (HETS) 
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Figure  27.  Common  commercial  locomotive,  Model  SD40-2, 184  tons  each 
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Comparison  of  Bending  Moment  Equivaient  E-Loadings 

From  Typical  Army  Trains  For  Typical  Army  Trains 

Against  the  Cooper  E80  Train  When  Longitudinal  Bending  Moment  Controls 
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Figure  31.  Equivalent  E-loadings  for  typical  army  trains,  based  on  bending  moment 


Transverse  Longitudinal 

Ppsition  Position 
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Figure  34.  Maximum  stringer  or  multi-girder  loadings 
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Figure  36.  Maximum  stringer  or  girder  moments  for  civilian  live  loads  (reference  [1]) 


APPENDIX  A8 

FORMULAE  FOR  MAXIMUM  SHEAR 
AT  ANY  POINT  ON  SPAN 
{No  Impact  inchided) 

(Simple  Spans  Only) 


Use  for 

Minimum 

Type 

Load 

L-X 

L 

Girder 

Lengdis 

Fonnulafor 

Maximum  Shear  (I) 

L-X 

X 

HS<20 

0-0.500 

lfader42’ 

yjmMu  4 

L 

14 

14 

42'  to  120** 

36(X.9.33) 

L 

0 

28 

HS-15 

0-0.500 

lfeder42' 

V,27(X46D_3 
^  L 

14 

14 

42'tol20'* 

27(X-9J3) 

L 

0 

28 

H<20 

0-0.500 

to  35'* 

20fX.2.8) 

L 

0 

14 

H-15 

0-0.500 

toSS”* 

V,i5(X-2J81 

L 

0 

14 

(1)  AU  values  bised  on  standard  trad:  loadings. 

•  Track  loading  does  not  govern  diear  beytmd  the  lengdis  specified.  Use  lane  loading. 


P 


(Dimensions  Measured  in  Feet) 


V  -  Shear  to  Left  ofpoinfP"  in  kips  per  wheel  line. 


Figure  37.  Maximum  stringer  or  girder  shears  for  live  loads  (reference  [1]) 
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FORMULAE  FOR  MAXIMUM  SHEAR 
AT  ANY  POINT  ON  SPAN 
(No  bnpact  Inctoded) 

(Simple  Spaas  Only) 


Use  for 

Minimum 

Type 

Load 

L-X 

L 

Girder 

Lengths 

Fonnulafbr 

Maximum  Shear  (1) 

l^X 

X 

HS-20 

0-0.500 

Under  42' 

36{X-4.67)  , 

V-  L 

14 

14 

42' to  120'* 

36(X-933) 

L 

0 

28 

HS-15 

0-0.500 

Under  47 

27(X-4.67) 

L 

14 

14 

42' to  120’- 

27(X-933) 

L 

0 

2S 

H-20 

0-0.500 

to  35'* 

20(X-2.8) 

^  L 

0 

14 

H-15 

0-0.500 

to  35'* 

^  L 

0 

14 

(I)  All  values  based  on  staodaM  tradk  loadings. 

*  Tmc^  loading  does  not  govern  diear  beyond  die  lengdisspediied.  Use  lane  loading. 


P 


L-X  X 

*- - - 1 - 


(Dimensions  Measured  in  Feet) 

V  >■  Shear  to  Left  of  point  T"  in  kips  per  wheel  line. 


Figure  37  (cont’d).  Maximum  stringer  or  girder  shears  for  live  loads  (reference  [1] 
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Tabic  C-2.  Wheeled-  and  Tracked- Vehicle  Moment  (4-  to  100- Foot  Spans) 
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Table  C-4,  Wheeled-  and  Tracked- Vehicle  Shear  (4-  to  100-Foot  Spans)  N ote :  in  U  n  its  of  U  .S .  Tons 
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Transverse  Longitudinal 

Position  Position 
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Figure  40.  Maximum  floor  beam  loadings 
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APPENDTV 

STRINGER  LIVE  LOAD  REACTIONS  ON 
transverse  floor  BEAMS  &  CAPS 
(INTERMEDIATE  TRANSVERSE  BEAMS) 

(Simple  Span  Only) 

LIVE  LOAD  REACTIONS  (R)  IN  KIPS  PER  WHEEL  LINE 
_  NO  IMPACT 


TYPEOFLOADINr. 
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OVER  18  FEET  M  -  ^L-9  + 

ONE  LANE  LOADING  -  (l+ 


TWO  LANE  LOADING  ■ 


M  “•  Moment  in  Tiansverse  Beam 
*  Reaction  (Tabular  Value) 

L  «  Span  of  Txansverse  Beam 
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a.  Intermediate  beams 

Figure  41 .  Maximum  floor  beam  loadings  for  civilian  live  loads  (reference  [1]) 
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STRINGER  LIVE  LOAD  REACTIONS  ON 
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b.  End  beams 


Figure  41  (cont’d).  Maximum  floor  beam  loadings  for  civilian  live  loads 
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Floor  beam  Loading 
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b.  Wheeled  vehicles 

Figure  42  (cont’d).  Maximum  floor  beam  loadings  for  military  live  loads  (source:  WES  derived) 
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Figure  43.  Maximum  girder  or  truss  loadings  (shown  for  bending  moment  only) 


IM^  =0=  P(3.25  +  9.25)  -  (16.5) 

=0.88P 

=  2P-.88P  =  1.12P  =>  Max. 

Therefore,  DF  =  1.12  for  wheel  line  loads 
or  0.56  for  axle  loads 

Figure  44.  Calculation  of  wheel  lines  per  truss 
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Tram  Wheels 
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Figure  45.  Load  distribution  in  raiiroad  bridges 


Figure  46.  Comparison  of  simple  and  continuous  span  bridges 


Figure  47.  Bridge  decks  are  often  continuous  in  the  transverse  direction 
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Stresses  vary  with  each  load  location 
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4  Capacity  and  Safety  Factors 


Introduction 


The  basic  RF  equation  was  previously  shown  in  Equation  1.  Dead  and  live 
loadings  (the  factors  D  and  L  in  Equation  1)  were  discussed  in  the  previous 
chapters.  The  only  variables  missing  from  this  equation  are  the  Nominal 
Capacity,  C,  and  the  Safety  Factors,  Aj  and  A2. 

The  "capacity"  of  a  structural  member  refers  to  the  maximum  amount  of 
load  that  it  can  safely  and  reliably  support  without  failure.  Simple  span 
structural  members  are  most  often  limited  in  capacity  by  either  endspan  shear  or 
midspan  bending  moment.  However,  other  sections  may  also  require 
consideration,  such  as  those  where  changes  in  size  or  strength  occur. 

Specifically,  for  steel,  check  all  locations  of  size  or  cover  plate  changes.  For 
concrete,  check  all  locations  of  cross-section  and/or  reinforcing  changes  (i.e.,  bar 
cutoff  points).  Additionally,  the  capacity  of  continuous  span  members  must  also 
be  checked  at  locations  where  applied  load  effects  are  maximum,  as  discussed  in 
Chapter  3.  The  actual  calculation  of  structural  capacity  will  be  discussed  in  later 
paragraphs.  However,  since  these  calculations  will  depend  upon  the  chosen 
method  of  applying  safety  factors,  a  discussion  of  these  is  first  required. 

Conceptually,  there  are  two  ways  to  apply  safety  factors  in  a  structural 
analysis,  as  demonstrated  in  Figure  50.  In  Figure  50,  the  actual  load  is  applied 
to  the  beam  and  the  beam  is  sized  so  that  the  internal  stresses  never  exceed  some 
allowable  level.  This  is  known  as  the  "Allowable  Stress"  or  "Working  Stress" 
analytical  method.  In  Figure  50,  the  applied  load  is  increased  by  some  safe 
amount  to  account  for  the  uncertainty  of  the  loadings  and  the  beam  is  sized  to 
carry  this  increased  load  at  its  nominal  strength.  The  nominal  strength  is  based 
on  the  member's  ultimate  strength  reduced  by  a  capacity  reduction  factor  to 
account  for  uncertainty  in  the  strength  calculations.  Two  analytical 
methodologies  utilize  this  concept,  the  "Load  Factor"  method  (sometimes 
referred  to  as  "Ultimate  Strength)  and  the  "Load  and  Resistance  Factor"  method. 
Each  of  these  methods  is  compared  in  Figure  5 1  and  discussed  in  greater  detail 
in  the  following  paragraphs. 
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Allowable  Stress  Method 


As  previously  stated,  the  Allowable  Stress  method  utilizes  actual  loadings 
combined  to  produce  maximum  stress  in  a  member,  which  is  not  to  exceed  the 
"allowable"  or  "working"  stress  of  the  member.  Thus,  safety  factors  are  applied 
to  the  allowable  stress  only.  This  is  the  only  method  currently  allowable  for 
timber  bridges  [1].  This  method  is  not  recommended  for  steel  or  concrete 
bridges  since  it  will  generally  give  too  conservative  results. 

This  method  is  discussed  in  paragraph  6.4.1  of  Reference  [1].  The  values  for 
Equation  [1]  are  as  follows:  C  =  Member  capacity  based  on  Inventory  and 
Operating  Stresses;  Aj  =  l.O.  Therefore,  the  equation  becomes: 

RF  =  £dl!2EZR.  (14) 

L(l  +  I) 

Member  capacity  is  determined  from  basic  strength  of  materials  equations,  such 
as: 

(15) 

where:  =  allowable  bending  moment;  =  allowable  bending  stress; 

and  S  =  section  modulus. 

Allowable  stresses  are  discussed  for  all  material  types  in  paragraph  6.6.2  of 
Ref  [1].  Specifically,  paragraph  6.6.2.7  addresses  timber  members.  All  timber 
strength  requirements  not  provided  in  Ref  [1]  are  provided  in  Chapter  13  of  Ref 
[7].  Paragraph  6.6.2. 1  addresses  steel  members.  Note  that  the  "date  built"  of  the 
bridge  can  be  used  to  estimate  steel  strength  if  the  steel  type  is  unknown.  Part  C, 
Chapter  10,  Reference  [3]  provides  all  other  requirements.  Allowable  stresses 
for  reinforced  and  prestressed  concrete  members  are  discussed  in  paragraphs 
6.6.2.3  through  6.6.2.5,  Ref.  [1].  Paragraph  8.15,  Chapter  8  of  Ref.  [3]  provides 
all  other  requirements. 

Note  that  the  capacity  must  be  calculated  for  two  rating  levels:  Inventory 
and  Operating  (paragraph  6.3  of  Ref.  [1]).  The  Inventory  level  corresponds 
closely  to  the  original  design  level  of  stresses  for  a  conventional  highway  bridge, 
but  also  reflects  its  current  condition.  The  Operating  level  defines  the  maximum 
permissible  live  load  that  may  utilize  the  structure  on  a  limited  basis.  Extended 
usage  of  this  level  may  shorten  the  structure's  life. 

The  responsible  engineer  should  post  the  bridge  at  some  level  between  the 
Inventory  and  Operating  ratings.  This  decision  must  be  made  on  a  case-by-case 
basis,  depending  upon  such  factors  as  traffic  volume,  level  of  load  enforcement, 
and  the  condition  of  the  bridge.  Bridges  with  high  volumes  of  heavy  trucks, 
similar  to  conventional  highway  traffic,  should  be  posted  at  or  near  the  Inventory 
level.  However,  as  demonstrated  in  Table  1,  army  and  COE  bridges  generally 
have  much  lower  truck  volumes  than  conventional  highway  bridges  while  often 
being  well  maintained.  These  bridges  may  be  posted  closer  to  the  Operating 
level. 
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Load  Factor  (Ultimate  Strength)  Method 


For  this  method,  it  is  assumed  that  the  capacity  of  the  member  is  just 
reached  when  the  factored  (i.e.,  increased)  loads  are  all  applied.  Different 
factors  are  applied  to  each  type  of  load  to  reflect  the  uncertainty  of  the  loadings. 
Since  dead  loads  are  more  predictable  than  live  loads,  a  smaller  increase  factor  is 
applied  to  dead  loads.  The  nominal  capacity  of  the  member  is  based  on  its 
ultimate  capacity  (i.e.,  failure  limit)  and  is  reduced  by  a  capacity  reduction  factor 
to  account  for  uncertainty  in  the  strength  calculations.  To  utilize  this  method, 
use  Equation  [1]  along  with  the  following  values:  C=  A,  =  1.3;  A,  = 

2. 1 7  for  Inventory  Level  and  1 .30  for  Operating  Level. 

Nominal  capacity  is  discussed  for  all  material  types  in  paragraph  6.6.3  of 
Ref.  [1].  Specifically,  paragraph  6.6.3. 1  addresses  steel  members.  Note  that  the 
"date  built"  of  the  bridge  can  be  used  to  estimate  steel  strength  if  the  steel  type  is 
unknown.  Part  D,  Chapter  10,  Reference  [3]  provides  all  other  requirements. 
Reinforced  and  prestressed  concrete  members  are  discussed  in  paragraphs 
6.6. 3.2  through  6.6.3 .3,  Ref.  [1].  Paragraph  8.16,  Chapter  8  of  Ref.  [3]  provides 
all  other  requirements.  Appendix  C,  Ref.  [1]  also  provides  a  summaiy  of  all 
formulas  used  for  the  capacity  of  typical  bridge  components  based  on  the  Load 
Factor  method. 


Load  and  Resistance  Factor  Rating  (LRFR) 
Method 


The  LRFR  method  is  the  most  recently  developed  method  and  is  an 
extrapolation  of  the  Load  Factor  method  to  make  it  more  applicable  for  bridge 
rating  as  opposed  to  bridge  design.  With  the  LRFR  method,  the  safety  factors 
can  be  varied  within  limits  to  more  accurately  address  a  specific  bridge  and  its 
specific  condition,  usage,  and  level  of  maintenance/inspection.  As  demonstrated 
in  Table  1,  this  type  of  latitude  in  a  load  rating  is  very  important  for  rating  Army 
and  the  COE  bridges  since  they  are  often  very  different  from  civilian  highway 
bridges  in  terms  of  these  factors.  Because  of  this  flexibility,  this  is  the  preferred 
method  of  rating  for  the  Army  and  the  COE. 

Paragraph  6.1,  Ref.  [1]  refers  to  Ref.  [2]  for  all  LRFR  considerations.  Note 
that  Ref  [2]  is  currently  only  applicable  to  steel  and  concrete  bridges.  Ref  [2] 
provides  the  exact  same  rating  equation  as  Ref  [1]  (equation  15),  but  defines  its 
variables  slightly  differently  as  follows: 


y 

YlLH  +  I)  ’ 


(16) 


where:  ^  =  Resistance  factor 

R„  =  Ultimate  member  capacity,  with  no  safety  factor 
D  =  Dead  load  effect  on  the  member 
L  =  Live  load  effect  on  the  member 
I  =  Impact  factor  for  live  load 
Yo  =  Factor  for  dead  loads 
Yi  =  Factor  for  live  loads 
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A  very  useful  step-by-step  flowchart  is  provided  in  Figure  1  of  Ref.  [2]  for 
completing  this  equation.  The  ultimate  capacity,  R„,  is  determined  using  the 
same  methods  and  formulas  as  discussed  above  for  the  Load  Factor  method. 
However,  do  not  apply  the  ^  factors  given  in  the  Load  Factor  equations.  Instead, 
apply  the  LRFR-specific  ^  factors  discussed  in  Section  3. 3. 2.4,  Ref  [2]. 

Figure  4  of  Ref.  [2],  provides  a  useful  flowchart  for  determining  the 
appropriate  (p  factor.  Note  that  it  is  very  dependent  upon  the  condition  of  the 
bridge  and  its  level  of  inspection  and  maintenance.  ITiese  factors  thus  reflect  the 
fact  that  well  maintained  bridges  will  be  more  reliable  than  those  that  are 
neglected  will.  Additional  guidance  for  accounting  for  deterioration,  inspection, 
and  maintenance  is  provided  in  Table  3a  of  Ref  [2]. 

The  dead  and  live  load  factors,  Yd  respectively,  are  most  easily 

obtained  from  Table  2,  Ref.  [2].  The  live  load  factor  is  dependent  upon  the 
ADTT  (average  daily  truck  traffic)  and  the  level  of  control  against  overloads. 

For  example,  a  small  military  installation  with  controlled  vehicle  access  may  be 
able  to  use  a  live  load  factor  of  1.30  due  to  its  low  truck  volume  and  easily 
enforced  truck  loadings.  However,  a  bridge  in  a  training  area,  where  load 
enforcement  is  difficult,  may  require  a  larger  live  load  factor  of  1.65. 

Note  that  the  LRFR  method  does  not  differentiate  between  Inventory  and 
Operating  levels  of  service.  Reference  [2]  states  that,  "With  the  LRFR  factors 
properly  applied,  bridges  may  reach  or  even  exceed  their  previous  operating 
rating  when  they  receive  frequent,  qualified  inspections  with  proper  maintenance 
and  load  enforcement.  Conversely,  those  without  these  conditions  or  with  non- 
redundant  critical  components  will  find  their  ratings  fall  to,  or  even  lower  than 
the  inventory  rating."  From  this  it  can  be  seen  that  proper  inspection  and 
maintenance  of  the  bridge  will  likely  be  rewarded  by  higher  load  ratings. 

Special  Permit  loads  should  still  be  considered  separately. 


Railroad  Bridges 


The  AREA  (Reference  5)  is  somewhat  behind  the  highway  community  in 
providing  up-to-date  criteria  for  the  rating  of  bridges.  They  have  yet  to  adopt  the 
LRFR  method  and  except  for  concrete  bridges,  have  yet  to  adopt  even  the 
Ultimate  Strength  method.  Therefore,  the  RF  equation  16,  as  discussed  above, 
should  also  be  used  for  railroad  bridges,  but  with  the  following  guidelines  from 
Reference  5:  For  concrete  bridges,  use  Chapter  8,  Article  19.4.1.2  for  the 
Allowable  Stress  method  or  Article  19.4.1.3  for  the  Ultimate  Strength  method. 
For  steel  bridges,  use  Chapter  15,  Article  7.3. 4.3  for  the  Allowable  Stress 
method.  For  timber  bridges,  use  Chapter  7,  Article  2.10.13  for  the  Allowable 
Stress  method. 
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Allowable  Stress  Method: 
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Figure  50.  Allowable  stress  compared  to  load  factor  method 
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Figure  51 .  Rating  factor  equation  for  three  different  load  rating  methods  (vehicular  bridges  only) 


5  Summary 


Basic  Rating  Procedure 


Based  upon  all  of  the  previous  chapters,  the  basic  procedure  for  load  rating  a 
bridge  may  be  summarized  as  follows:  For  each  bridge  element  in  the  load  path, 
perform  the  following  procedure  using  Reference  [1]  as  the  overall  guideline  (all 
"Article"  references  below  are  from  Reference  [1]): 

1.  Calculate  the  required  nominal  member  capacities  (Article  6.6)  using  either 
the  Allowable  Stress  method  (Article  6.6.2),  Load  Factor  method  (Article  6.6.3), 
or  the  LRFR  method  (Reference  [2]).  Deterioration  of  elements  is  accounted  for 
in  this  step. 

2.  Calculate  load  effects.  For  Dead  Load,  use  Article  6.7.1.  For  Live  Load,  the 
Rating  Vehicle  is  the  HS20  (Article  6.7.2).  The  Posting  Vehicles  are  the  Type  3, 
3S2,  and  3-3  vehicles  or  any  desired  state  legal  loads. 

3.  Calculate  the  RF  (Article  6.5).  Post  the  bridge  only  if  the  RF  is  less  than  1 .0 
for  any  of  the  Posting  Vehicles.  Refer  to  Chapter  1  of  this  report  for  a 
discussion  on  bridge  posting. 

4.  Calculate  the  Military  Load  Classes  as  described  in  the  following  paragraph. 

Military  Load  Ciassification  (MLC) 


Once  the  RFs  are  determined  for  the  civilian  truck  loadings,  the  same  RF 
equation  may  be  used  to  solve  for  the  allowable  MLCs  for  the  bridge.  Since  it  is 
known  that  a  RF  greater  than  or  equal  to  1 .0  is  acceptable,  the  RF  equation  may 
be  set  equal  to  1.0  and  the  allowable  live  loading  solved  for  as  follows: 


RF 

:.L 


A^L{\  +  I) 
_  C-A^D 
~  A,(\  + 1) 


(17) 
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Once  the  live  load  effect  is  obtained,  the  MLC  moment  and  shear  curves  in 
Figures  39  and  40,  respectively,  may  be  used  to  find  the  military  wheel  and 
tracked  vehicles  that  produce  this  magnitude  or  less.  Be  very  careful  however, 
the  live  load  effect,  L,  from  the  equation  above  will  be  for  a  vehicular  line  load, 
and  the  values  in  Figures  39  and  40  are  for  axle  loads.  Therefore,  the  value  L 
must  be  multiplied  by  2.0  prior  to  utilizing  Figures  39  and  40.  The  MLC  process 
is  demonstrated  in  the  Rating  Examples  of  the  Appendices. 


Rating  Examples 


Load  rating  examples  are  provided  in  Appendices  A  -  D  for  the  most 
common  bridge  types.  Because  it  is  the  preferred  method  by  the  Army  and 
COE,  the  LRFR  method  is  used  throughout.  Each  of  the  examples  follows  the 
basic  rating  procedure  described  above.  Note  that  the  Reference  numbers  used 
in  the  examples  are  the  same  as  those  used  in  the  main  body  of  this  report. 
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Appendix  A 

Timber  Bridge  Exampie 


Timber  Deck,  Timber  Stringer  Bridge 


TYPICAL  BRDGE  TRANSVERSE  SECTX3N 


-  The  span  length  is  14’ 

-  The  deck  is  Southern  Pine  Select  Structural.  The  Stringers  are  Southern  Pine 
Dense  Select  Structural. 


*Note  that  unless  design  drawings  are  available,  timber  species  will  not  generally 
be  known  and  extreme  conservatism  should  be  exercised  in  determining  species 
and  allowable  stresses. 
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Sited  References: 


1 .  Manual  For  Condition  Evaluation  of  Bridges,  AASHTO,  1 994. 

2.  Guide  Specifications  for  Strength  Evaluation  of  Existing  Steel  and  Concrete 
Bridges,  AASHTO,  1989. 

3.  Standard  Specifications  for  Highway  Bridges,  AASHTO,  fifteenth  edition, 
1992. 

4.  Manual  for  Maintenance  Inspection  of  Bridges,  AASHTO,  1983. 

5.  Military  Nonstandard  Fixed  Bridging,  FM5-446  or  TM5-3 12. 

6.  Manual  of  Steel  Construction,  American  Institute  of  Steel  and 
Concrete  (AISC),  Edition. 

7.  Timber  Bridges;  Design,  Construction,  Inspection,  and  Maintenance. 
US  Dept,  of  Agriculture,  1992. 


Allowable  Stresses 


Bending 


-6.6.2.7,  Reference  1  refers  to  Reference  3  for  allowable  stresses 
-13.6.2.1,  Reference  3  states  that  the  allowable  bending  stress,  ,  is: 

=  ^b^M^DCFCyCLCfC^C^ ,  where 
-F^=  tabulated  unit  stress  in  bending  (psi);  For  Southern  Pine,  Select 
Structural,  Table  13.5.1. A;  =  2050  psi  for  decking  and  for  Southern 
Pine  Dense  Select  Stmctural,  Ff^  =  1750  psi  for  stringers 
-Cj^=  wet  service  factor  13.5.4.1.3  states  that  the  moisture  content  of 
wood  used  on  exposed  bridge  applications  will  normally  exceed  19% 
and  tabulated  values  shall  be  reduced  by  the  wet  service  factor  unless  an 
analysis  of  regional,  geographic  and  climatological  conditions  that  affect 
moisture  content  indicate  that  the  in-service  moisture  content  will  not 
exceed  19%.  Reference  7  states  that  in  most  applications,  bridge 
members  are  exposed  to  the  weather  and  should  be  adjusted  for  wet 
service  conditions.  In  cases  where  beams  are  protected  by  waterproof 
deck,  design  for  dry  conditions  may  be  appropriate.  For  southern  pine 
use  tabulated  values  for  wet  service  condition  and  Cj^=  1.0 
-Q,=  load  duration  factor  from  13.5.4.2.1  Tabulated  values  for  sawn 
lumber  are  based  on  an  assumed  normal  load  duration.  In  this  case, 
normal  duration  of  load  is  based  on  the  expectation  that  members  will  be 
stresses  to  the  maximum  stress  level  either  continuously  or  cumula¬ 
tively,  for  a  period  of  approximately  10  years,  and/or  stressed  90%  of  the 
maximum  design  level  continuously  for  the  remainder  of  the  life  of  the 
structure.  Since  bridges  generally  are  not  at  their  maximum  stress  level, 
Cp=  1.0  will  be  conservative. 

-Cjr=  bending  size  factor  for  sawn  lumber.  From  13.6.4.2:  Cj,=  1.0  for 
decking 


for  stringers,  13.6.4.2.2  applies  and  Cp  = 


1 
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-Cy=  volume  factor  for  glued  laminated  timber.  C^=  1.0 
-Ci=  beam  stability  factor  from  13.6.4.4:  In  this  example,  assume 
adequate  bracing  supplied  by  decking,  C^=  1.0 
-Cj-- form  factor  from  13.6.4.5:  Cy  =  1.0 

-C^=  flat  use  factor  for  sawn  lumber  from  footnotes  of  Table  13.5.1  A. 
For  the  decking,  =1.2 

-C^=  repetitive  member  factor  for  sawn  lumber  from  footnotes  of  Table 
13.5.1A: 

For  decking,  =  1 . 1 5 
For  stringers,  C^=  1.00 

-Therefore: 

for  decking,  2050  (1.0)(1.0)(1.0)(1.0)(1.0)(1.0)(1.2)(1.15)  =  2829  psi 
for  stringers,  F^=  1750  (1.0)(1.0)(0.96)(1.0)(1.0)(1.0)(1.0)(1.0)=  1680  psi 


Shear 


-13.6.5.3,  Reference  3  states  that  allowable  unit  stress  in  shear  parallel  to  grain, 
FJ,  is: 


K  =  KCmCd  .where 

-F^=  tabulated  unit  stress  from  Table  13.5.1  A;  F^=  90  psi  for  the 
decking  and  1 10  psi  for  the  stringers 

=  wet  service  factor,  same  as  for  bending.  C^=\.0 
-Cp=  load  duration  factor,  same  as  for  bending.  0,=  1.0 
Note:  Footnote  6  of  Table  13.5. lA  allows  an  increase  in  by  a  factor, 
Cf[,  if  the  degree  of  splitting  and  checking  is  known.  This  factor 
should  only  be  used  under  carefully-controlled  conditions.  For 
this  example,  C^=  1.0 


-Therefore:  for  decking,  Fy  =  90 psi(l.0)(l.0)  =  90 psi 


for  stringers,  F\  =  110j35i(1.0)(1.0)  =  llO/ja'/ 


Deck  Rating 

Nominal  Moment  Capacity,  Mn 

-From  previous  pages:  Inventory:  F^'  =  2829  psi 

As  per  6.6.2.7,  Reference  1,  Operating:  Fj  =  1.33(2829)  =  3763  psi 

-13.2.1.2.1,  Reference  3:  Use  actual  dimensions  for  sawed  lumber.  6  =  10in., 
d  =  3in. 

-M„  =7^5,  where  S  =  section  modulus 

Inventory:  =  (2S29psi)(l5in^){-^)  -  3536  ft-lb 

Operating:  =  (3763psi)(l5m^)(;^)  =  4704  ft-lb 
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Nominal  Shear  Capacity 

Inventory:  F\  ~  90  psi 
Operating:  F\  =  90  psi  (1.33)  =  120  psi 

-From  13.6.5.2,  Reference  3,  Fj  or  V  =—F\bd 

2bd  2bd  "  3 

Inventory:  =  j(l  10/>5'z)(10m)(3/«)  =  22001b 

Operating:  V„o  =  j(l46psi)(l0m)(3in)  =  29261b 

Load  Effects  on  Deck 


Dead  Load: 

-3.25.1 .2,  Reference 3:  Span  =  S  =  20in - \0in  +  3in  =  \3in  =  \.\ft 
-3.3.6,  Reference  3:  Unit  weight  of  timber  =  50  pcf 

-Dead  load  will  be  computed  for  one  plank  width  since  live  load  is  only  applied 
to  one  plank  width: 

(Ojj  =  (50  pcf  )(3in){\0in){-^)  =  10.4^ 


_  10-4f  (1.1/0^ 

8  8 


1.53/r/^ 


-13.6.5.2,  Reference  3:  Dead  load  shear  is  computed  at  a  distance,  t,  from  the 
support  and  the  load  within  a  distance  t  from  the  support  is  neglected  (t  =  deck 
thickness): 


—  Rf  —  ^  2t) 


ft\\2in)\  2 


3.01b 
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Live  Load: 

-3.25.1.1  and  3.30,  Reference  3:  Wheel  loadings  are  distributed  longitudinally 
over  one  plank  width  and  over  a  tire  contact  area  =  O.OIP,  where  P  =  wheel  load 
in  pounds.  Thus,  transverse  distribution  width,  PT,  is: 

O.OIP  O.OIP 

rr  = - = - 

plankwidth  lOin 


Vehicle 

Wheel 

Load  (lb) 

w 

(in) 

Type  3 

8,500 

8.5 

Type  3S2 

7.750 

7.75 

Type  3-3 

8,000 

8.0 

HS20 

16,000 

16.0 

-For  a  Type  3  vehicle  with  wheel  load  =  8,500  lb  (Refer  to  Figure  below): 


CO 


L 


8,500 

8-5m(Tir) 


12,000f 


=  (4250/6)(6im)-(4250/6)(2.125i«) 
=  1 8,594m  •  lb{^)  =  1550  fi- lb 


For  Type  3  Wheel  loading, 
laterally  over  8.5  in  : 


®L  =12,000% 

i  i  w 


4250  lb  4250  lb 


-Since  the  wheel  load  appears  as  a  uniform  load  between  stringers,  Par.  13.6.5.2 
applies  where  it  stipulates  to  calculate  the  maximum  shear  occurring  at  a 
distance,  t,  from  the  support  (Refer  to  Figure  below): 


^  =  0  =  -  12,000f  (^)(M+  1.5)(X) 

=  31601b 
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-All  other  moments  and  shears  are  calculated  similarly  and  summarized  as 
follows; 


Vehicle 

M, 

Vl 

ifilb) 

{lb) 

Type  3 

1550 

3760 

Type3S2 

1473 

3651 

Type  3-3 

1500 

3692 

HS20 

1760 

3846 

Deck  Rating  Factors 


Moment:  RF^ 


RF. 


M 


M, 

3536-1.53 

1550 


Shear: 

RFy 

2.28 

RFy 

Vn-Vp 

V, 

1800-3 

3760 


=  0.48 


Vehicle 

Inventory  RF 

Operating  RF  \ 

Moment 

Shear 

Moment 

Shear 

Type  3 

2.28 

0.48 

3.03 

0.64 

Type  3S2 

2.40 

0.49 

3.19 

0.66 

Type  3-3 

2.36 

0.49 

3.13 

0.65 

HS20 

2.01 

0.47 

2.67 

0.62 

Military  Load  Class  (MLC)  of  Deck 

-  As  per  Chapter  6  of  Reference  5,  the  tire  load  of  wheeled  vehicles  will  always 
control  the  deck  rating  since  tire  loading  is  much  more  concentrated  than  track 
loading.  While  this  rating  procedure  would  at  first  seem  simple,  it  is  actually 
quite  complex.  As  a  simpler  and  yet  still  conservative  alternative,  Figure  6-9  of 
Reference  5  may  be  used  to  obtain  MLCs  of  timber  decks.  For  this  example;. 
Figure  6-9  indicates  a  MLC  of  8  for  both  wheeled  and  tracked  vehicles. 

However,  if  a  less  conservative  rating  is  desired,  the  following  procedure  may  be 
utilized: 

-  Note  that  shear  controlled  the  civilian  vehicle  deck  rating.  Thus,  only  shear  will 
be  considered  for  the  MLC  determination.  In  addition,  only  the  Operating  Rating 
will  be  considered  for  MLC  since  military  loading  frequencies  are  generally  low. 
These  decisions  must  be  made  on  a  case-by-case  basis. 
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Wheeled  Vehicle  Rating: 

-Since  a  Rating  Factor  greater  dian  1.0  is  satisfactory,  the  MLC  can  be  obtained 
by  setting  RF  equation  equal  to  1.0  and  solving  for  Vl  as  follows  : 

V  -V 

RFy  =1.0  =  -''  ° 

Vl 

v,=K-v, 

Operating  :  =  2400/^>  -  3.01b  =  23971b 

-Assuming  a  wheel  load  appears  as  a  uniform  load  on  a  deck  span  between 
stringers,  Vi  represents  the  maximum  vertical  shear  that  can  be  "allowed"  at  a 
distance,  t,  from  the  support  (13.6.5.2,  Reference  3).  Therefore,  the  value, 
which  causes  this  shear  must  be  solve  for  as  follows  (Refer  to  Figure  below): 

Using 

2:M  =  0  =  F,(13)-®,(10)(5) 

=  026V^  =  0.26(2397) 

=  623f 


-COL  represents  the  allowable  distributed  wheel  load.  Therefore,  multiply  col  by 
a  typical  tire  width*  to  get  allowable  wheel  load: 

-Paiiow  =  6>£(tire  width)  =  (623f)(14m)  =  8,722/6 

-Convert  to  tons  and  axle  load  for  use  in  vehicle  data  table  of  Reference  5: 

8,722»5{i&X^)  =  8-72S 

-From  Column  4  of  Reference  5  vehicle  data,  MLC=  W12,  and  its  tire  width  is 
14",  therefore,  the  initial  assumption  of  tire  width  was  good  =>  MLC  =  W12 

*Tire  widths  for  military  vehicles  vary  considerably  (as  seen  in 
Reference  5  Veh.  data).  Therefore,  use  a  width  from  the  expected  class 
for  which  the  bridge  will  be  rated.  This  may  require  an  iteration  process. 
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For  this  example,  the  expected  class  is  somewhere  around  20,  so  use  a 
width  =  14  in  from  column  5. 

Tracked  Vehicle  Rating: 

-  In  most  cases,  tracked  vehicles  will  not  cause  critical  loadings  on  decks  since 
tracks  distribute  their  loads  longitudinally  over  much  of  the  length  of  the  bridge. 
The  wheeled  vehicle  rating  will  always  be  less  than  the  tracked  rating  and  if 
desired,  the  wheeled  MLC  may  be  conservatively  used  for  the  tracked  MLC. 
However,  if  a  higher  tracked  MLC  is  desired,  the  following  procedure  may  be 
used: 

-  As  seen  in  the  Vehicle  Data  of  Reference  5,  the  track  lengths  and  widths  vary 
considerably  between  load  classes.  Therefore,  for  rating  purposes,  make  a 
conservative  assumption  based  on  the  expected  load  class.  For  this  example,  use 
the  data  from  the  class  12  tracked  vehicle  which  has  a  track  length  of  9  feet  and 
width  of  12  inches. 

-  As  done  for  the  wheel  MLC,  setting  the  RF  equation  equal  to  1.0  and  solving 
for  Vi  gives  an  allowable  shear  per  plank,  23971b. 


-  As  seen  in  the  Figure  above,  a  12in  wide  track  will  spread  the  load  laterally 

almost  evenly  across  the  13  in  deck  span.  Assuming  this  to  be  the  case,  the  total 
load  per  plank  will  be:  =  2(2397/6)  =  4794/6  /  plank. 

-  Since  ioi„  =  10.S planks  will  be  beneath  a  track  at  any  given  time 

sharing  in  the  load,  the  total  allowable  track  load  is  thus 
(l0.8^)(4794/6)(i^)  =  51.8%  /  track . 


-  Therefore,  the  total  allowable  tank  weight  is 


-  From  Reference  5  Vehicle  Data,  this  corresponds  to  MLC—  T50. 
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stringer  Rating 

Nominal  Moment  Capacity,  Mp 

-From  previous  pages  :  Inventory:  ^  4=  1680^5/ 

As  per  6.62.7,  Reference  1,  Operating:  F  *  =  1.33(1680/75'/)  =  2234/75/ 

-13.2.1.2.1,  Reference  3  :  Use  actual  dimensions  for  sawn  lumber: 
b  =  l0in,  d  =  18/« 


-M„  =  F'S,  where  S  =  — 

c 


bh^ 

12c 


(l^  =  540.0/«3 

12(9) 


Inventory  :  =  (l680/75/)(540/n'  )(-4r)(-i^)  =  75.6ft  ■  kip 

Operating  :  M„o  =  (2234/75/)(540/n')(4rX'i^)  =  ’  kip 

Nominal  Shear  Capacity,  V„ 

Inventory:  =  1 1 0  psi 

Operating:  F\  =  1.33  (1 10  psi)  =  146  psi 

-13.6.5.2,  Reference  3  :  F  =  —FM 

3 

Inventory  :  V„,  =  |(l  10/75/)(l0/«)(l8/n)(-j^)  =  U.2kip 

Operating:  =  |(l46/75/)(l  0/«)(l  8/«)(f^)  =  1 7.6kip 


Load  Effects  on  Stringers 

Dead  Load  {cojft: 

-  Stringer  Spacing  =S=20  in;  Bearing  area  sufficient  as  per  13.6.6.3, 
Reference  3. 

- 1 3 .6. 1 .2;  Reference  3 :  Span  =  \Aft-\  Ain[^-^  +  |(l  Ain^-^  =  1 3.4^ 

-  3.3.6;  Reference  3:  Unit  weight  of  timber  =  50  pcf 

-  Compute  dead  load  applied  to  one  stringer: 


Appendix  A  Timber  Bridge  Example 


Deck:  ojj)  =  thickness  *  S  *  timber  unit  wt. 

=  (3mX20i„X50pc/)(^)(A)=  0.02lf 
Stringer:  cod  =  stringer  area  *  timber  unit  wt. 

=  (l0mXl8;«X50pcr)(^)(,&)  =  0.063i 
Misc.:  0.200-^ 


Total  0.284^ 


Dead  Load  Moment  (Mj))  :  For  a  simple  beam; 


M 


D  “ 


T" 


(0284f)(l3.4^)' 

8 


6.37  ft -kip 


Dead  Load  Shear  (Vjy): 

-  13.6.5.2,  Reference  3  :  Dead  load  shear  is  computed  at  a  distance  ,d,  from  the 
support  and  the  load  within  a  distance  ,d,  from  the  support  is  neglected  (refer  to 
deck  calculations  for  demonstration): 


=  (0.284f)[i^-15/i]=l,48fe> 


Live  Load: 

-  Due  to  its  width,  the  bridge  is  assumed  to  have  two  traffic  lanes  for  civilian 
loadings  as  per  3.6.3 

-  Stringer  Distribution  Factor  (DF):  From  3.23.2.2,  Reference  3  for  timber  plank: 

S  1.67  ri 

Two-Way  Traffic:  DF  = - = - =  0.44 

3.75  3.75 

-  Live  load  moments  and  shears  are  those  produced  from  the  wheel  lines  of  the 
rating  vehicles  on  u  13.4  ft  simple  span.  These  can  be  obtained  through  basic 
structural  analysis  by  placing  the  vehicle  to  produce  maximum  moments  and 
shears,  or  more  simply  from  Appendix  A  of  Reference  1  (Refs.  3  and  4  also 
contain  these  values).  Note  in  Table  A3  that  interpolation  between  a  13  and  14  ft 
span  is  required. 

M  =  (max.  moment  per  wheel  line)  *  DF 

=  41.7 ft  kip  per  wheel  line  *  0.44=  18.3  ft  ■  kip 
^L3S2  =38.0  ft  kip  per  wheel  line  *  0.44  =  16.7  ft  kip 

M^3_3  =  34.0  ft  kip  per  wheel  line  *  0.44  =  15.0  ft  ■  kip 

^ LHS20  =  54.0ft  -kip per  wheel  line  *  0.44  =  23.8 ft  •  kip 

-  For  live  load  shear.  Par.  13.6.5.2,  Reference  1  applies.  It  states  that  the  vehicle 
live  loads  shall  be  placed  to  produce  the  max.  vertical  shear  at  a  distance  from 
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the  support  equal  to  the  lesser  of  3d  or  L/4.  The  distributed  live  load  shear  is 
determined  by: 

r,=050[(0.60K,„)+f'„], 

where:  =  Max.  undistributed  vertical  shear  at  3d  or  L/4 

~  described  for  moment  in  3.23.2.2,  Reference  1. 


-  Check:  3d=  3(1. 5ft)  =  4.5ft  >  L/4  =  13.4/4  =  3.4ft  Use  3.4  ft 

-  Therefore,  place  wheel  loads  for  max.  shear  at  3.4  ft.  from  the  support: 

For  Type  3  Vehicle: 


=  0=  (13. 4) -8.5(10) -8.5(6. 0) 

Rl  =  10.1^z>  = 
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=  0i0[(0.60)(l0.l)  +  (0.44)(10.1)]  =  Slkip 


All  other  shears  calculated  similarly  and  summarized  as  follows: 


Vehicle 

V,  (kip) 

Type  3 

5.2 

Type  3S2 

4.8 

Type  3-3 

4.5 

HS20 

6.2 

Stringer  Rating  Factors 

-  Basic  equation  from  Par.  6.5,  Reference  1; 


C-A,D 
A^L{\  +  I) 


where  based  on  the  Allowable  Stress  Method  (6.4.1  &  6.5.2,  Reference  1): 
C  =  Mfi  and  F„  for  both  Inventory  and  Operating  Stresses 
Ai  =A2  =  1.0 
D  =  Mj)  and  Vj) 

L  -  Mp  and  Vp 

/  =  0  for  timber  (3.8. 1 .2,  Reference  3) 


-  Therefore: 

Moment:  RF  = 

M, 

75.6-6.37 

=3.78 


V  -V 

Shear:  RF^  ^ 


18.3 


V, 

13.2-1.48 

RFv= - — - =  2.25 


Vehicle 

Inventory  RF 

Operatini 

pRF 

Moment 

Shear 

Moment 

Shear 

Type  3 

3.78 

2.25 

5.12 

3.10 

Type  3S2 

4.14 

2.44 

5.61 

3.36 

Type  3-3 

4.62 

2.60 

6.24 

3.58 

HS20 

2.91 

1.89 

3.93 

2.60 

-  As  seen  above,  shear  controls.  This  is  generally  true  for  timber  flexural  members. 

-  Note  that  since  the  deck  rating  controls  in  this  example  an  MLC  determination  for  the  stringers  is  really 
not  required.  However,  since  this  is  not  always  the  case,  it  is  shown  below  for  demonstration  purposes. 


MLC  of  Stringers 


-  From  previous  pages,  shear  controls.  Therefore,  moment  will  be  neglected 
here. 

-  As  discussed  for  the  Deck  Rating,  only  the  Operating  Rating  will  be  considered 
for  MLC  in  this  case. 

-  As  done  for  the  deck,  set  RF  equal  to  1 .0  and  solve  for  Vl: 

V  -V 

RF  -\,Q  =  Ln-jLD. 

Vl 

Vi=V„-Vjj  =  \1 .6kip -\A%kip  =  16.1  kips 
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-  This  value  for  represents  the  maximum  shear  that  can  be  applied  to  a  single 
stringer  at  a  distance  3d  or  L/4  (whichever  is  smaller).  Therefore,  to  find  the 
total  vehicle  loading  that  would  cause  this  shear,  solve  for  F^f/out  of  the 
following  equation: 


F,=0.50[(0.60)F,„+(i)F)F,^] 


Vlu  = 


2V, 

0.6  + DF 


-  This  value  is  in  terms  of  a  wheel  line  load.  Since  the  load  tables  of  Reference  5 
are  terms  of  axle  load,  the  equation  above  should  be  multiplied  by  2.0: 

4V 

For  Axle  Loads:  V,,,  = - - — 

0.6 +  DF 

4{l6.lkip) 

""  0.6  +  0.44 

^Lu  -  6 kips 

-  As  shown  previously,  L/4  =  3.4  ft  controlled  the  shear  check  location. 
Therefore,  the  military  vehicles  (both  wheeled  and  tracked)  which  cause  a  shear 
of  64.4  kips  at  a  distance  of  3.4  ft  form  the  support  should  be  found.  The  shear 
tables  in  Reference  5  only  provide  values  at  the  supports,  making  them  too 
conservative.  Therefore,  use  the  attached  shear  curves  instead  (use  curve  for  14- 
foot  span): 

.'.  The  MLC  is  lOOW and  150T for  2-Way  traffic 


Rating  Summary 


Bridge 

Element 

Ratin 

3  Vehicle 

HS20 

Mil.  Wheel 

Mil.  Track 

Deck 

0.48 

0.49 

0.49 

0.47 

NA 

NA 

Inv. 

0.64 

0.66 

0.65 

0.62 

12 

50 

Open 

Stringers 

2.25 

2.44 

2.6 

1.89 

NA 

NA 

Inv, 

3.10 

3.36 

3.58 

2.6 

100 

150 

25 

36 

40 

36 

— 

— 

■H 

Load  Rating 
(tons)** 

12 

17.6 

19.6 

16.9 

NA 

NA 

Inv. 

16 

23.7 

26  i 

22.3 

16W 

60T 

**  Load  Rating  =  (Controlling  Rating  shown  in  1 

3old)(Vehic 

le  Wt.) 

-  Note  that  only  a  two-way  MLC  is  shown.  If  desired,  a  one-way  MLC  can  also 
be  calculated  and  posted. 
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Maximum  Shear,  Vnj.  Along  a  26.0-foot  Span 


(sd|>j)  peo”!  0jxv  JO^  Jeeqs  uinoijxei/M 


(sd!>|)  peo*!  8|xv  JO|  JB0LIS  uinuJ!XBi/\| 
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Wheeled  Vehicles  b.  Tracked  Vehicles 


Wheeled  Vehicles  b.  Tracked  Vehicles 


|W120 


(sdj>|)  peon  aixv  Jo;  jeaqs  ujniJU|XB^\| 
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Example 
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Sited  References: 


1.  Manual  For  Condition  Evaluation  of  Bridges,  AASHTO,  1994. 

2.  Guide  Specifications  for  Strength  Evaluation  of  Existing  Steel  and  Concrete 
Bridges,  AASHTO,  1989. 

3.  Standard  Specifications  for  Highway  Bridges,  AASHTO,  fifteenth  edition, 
1992. 

4.  Manual  for  Maintenance  Inspection  of  Bridges,  AASHTO,  1983. 

5.  Militaiy  Nonstandard  Fixed  Bridging,  FM5-446  or  TM5-3 12. 

6.  Manual  of  Steel  Construction,  American  Institute  of  Steel  and  Concrete 
(AISC),  Eighth  Edition. 

Reference  1  is  the  primary  source  of  guidelines  for  load  rating  existing  bridges. 

It  allows  a  choice  of  load  rating  methods.  The  load  and  resistance  factor  rating 
(LRFR)  method  outlined  in  Reference  2  was  used  herein  since  it  more  accurately 
reflects  the  current  condition  of  the  bridge  and  the  degree  of  inspection  and 
analysis.  For  this  method.  Paragraph  6.1  of  Reference  1  refers  all  guidelines  to 
Reference  2.  Thus,  Reference  2  becomes  the  primary  source  for  this  example. 
Other  references  will  be  cited  as  applicable. 


Deck  Rating 

-  Par.  6.7.2.1  of  Reference  1  states  that,  "In  general,  stresses  in  the  deck  do  not 
control  the  rating  except  in  special  cases."  However,  when  in  doubt  the  deck 
rating  should  be  checked  and  is  therefore  shown  here  for  demonstration 
purposes. 

Nominal  Moment  Capacity  of  Slab,  Mp 

-Par.  3. 3.2.4  of  Reference  2  refers  to  Reference  3  for  calculation  of  nominal 
resistance  of  reinforced  concrete  members.  It  also  states  that  the  calculations 
should  account  for  observable  effects  of  deterioration,  such  as  loss  of  concrete  or 
corroded  reinforcing  steel.  For  this  example,  the  deck  is  assumed  to  be  in  good 
condition  with  no  notable  deterioration.  If  necessary,  R/C  deterioration  can  be 
accounted  for  by  reducing  f^',  fy,  or  the  cross-sectional  area  of  the  rebars  and  in 
the  selection  of  Resistance  Factors  in  Reference  2. 

-The  concrete  or  steel  strengths  are  unknown  in  this  example,  therefore  refer  to 
Par.  3.3.2.4.1  and  3.3.2.4.2  for  guidelines: 

fg  -  3,000  psi 

fy=  40,000  psi  (bridge  built  after  1954) 

-Slab  reinforcing  as  shown  in  Detail  A  on  page  1. 

-  Tension  Steel  Area  per  foot  of  slab  width  = 

^  _  area  of  one  bar  (in^)*  12in  /  ft 
- - - — - - 

bar  spacing  (in) 

Sin 
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-  Compression  Steel  Area  per  foot  width  =  =  0.66in^  I  ft 

-  Par.  8.16.2.7,  Reference  3:  (3=  0.85 

-  Check  compression  steel  criteria  of  Sec.  8.16.3.4,  Reference  3: 


4-4 

bd 


<  0.85y5, 


f'A 

^  87,000  ^ 

Vfyd) 

U7,000-/J 

<  0.85(0.85)pQ""("-^)  ¥ . , 

(12)(4.1)  U0,000(4.1)j  1 87,000  -  40,000j 


=  0.10 


-  Because  the  previous  expression  is  true,  the  R/C  section  can  be  treated  as 
having  tension  reinforcing  only  (i.e.  neglect  compression  reinforcing). 
Therefore,  use  Par.  8.16.3.2,  Reference  3  to  calculate  moment  capacity: 


a  = 


=  A^  =  MM  =  0.863,„ 

Z5fb  .85(3000)(12) 


M„=AJ^\d-- 


a 


-21  •863z«Y  \kip  Y  1/^ 


M„  =  0.66m"  40,000^  4.1m 


m 


.1000/6;  V  12m 


=  8.07  ft  •  kip  /  foot  width 


Applied  Loading  Effects  on  Deck 

Dead  Load  {(Ojf): 

-  For  the  deck,  neglect  the  dead  load  due  to  sidewalk  and  railings). 
Concrete:  (o^  =  thickness  (t)  *  concrete  unit  wt.  *  1  ft.  width 


=  (7.0m) 


^5o4Y  0.088^ 

V  /rVV12mAl000/6;  ft 


Asphalt;  =  thickness  (t)  *  asphalt  unit  wt.  *  1  ft.  width 


=  (4.0m)(l504¥-!A¥_!SP_l  =0.050^^ 
^  \  ff  )\\2in)\\000lb)  _ ff 

Total  G2d=  0.138-^ 
ft 
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Dead  Load  Moment  (Mj)): 

-  Note:  Only  bending  moment  is  considered  for  the  R/C  deck  since  Sec.  3.24.4, 
Reference  3  states  that  "Slabs  designed  for  bending  moment  shall  be  considered 
satisfactory  in  bond  and  shear." 

-  For  simplicity,  neglect  the  effect  of  sidewalk  overhang  which  would  only  serve 
to  reduce  the  positive  bending  moment.  Therefore,  the  deck  is  treated  as  a  four- 
span  continuous  beam  (i.e.  it  spans  five  stringers)  with  equal  span  lengths  and  the 
bending  moments  can  be  obtained  from  the  standard  beam  diagrams  of 
Reference  6: 


-  Max.  Positive  DL  Moment,  =  0.0772o)S^ 


=  0.0772 


=  0.653 ft  •  kip 


-Max.  Negativ  DL  Moment,  =  0.1 07 leas' ^ 


0.906 ft  ■  kip 


Live  Load  Moment  (M/^): 

-  Several  different  live  loadings  must  be  considered:  Par.  6.7.2  of  Reference  1 
states  that  the  HS20  loading  (Figure  6.7.2.2,  Reference  1)  should  be  used  to 
compare  with  original  design  calculations  and  for  input  to  the  National  Bridge 
Inventory  (NBI).  The  three  typical  legal  loads  shown  in  Figure  7.4.3. 1 
(discussed  in  Par.  7.4.2,  Reference  1)  should  be  used  for  determination  of 
allowable  loadings  (i.e.  bridge  postings).  In  addition,  for  bridges  on  military 
installations,  the  allowable  Military  Load  Class  (MLC)  must  also  be  obtained. 
These  loadings  are  described  in  Reference  5. 

-  Recall  from  the  drawing  on  page  1  that  the  deck  is  a  one-way  slab  spaiming 
transversely  across  the  stringers  and  that  slab  capacity  and  dead  loads  were 
calculated  for  a  1-foot  transverse  width  of  slab.  As  seen  in  the  figure  below,  the 
worst-case  live  loading  for  the  1-foot  width  of  slab  will  be  caused  by  the  heaviest 
wheel  of  any  of  the  rating  vehicles  centered  between  two  stringers. 
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-  It  can  also  be  seen  from  the  previous  figure  that  the  wheel  loading  will  actually 
be  distributed  to  (shared  by)  more  than  a  1-foot  width  of  slab.  To  account  for 
this  distribution,  the  following  Equation  is  recommended  in  Par.  3.24.3.1  of 
Reference  3  for  calculating  live  load  moment  (both  positive  and  negative)  on  the 
deck: 

S  +  2 

Live  Load  Moment,  =  0.8 - *  P,  where  P  =  heaviest  wheel  load  in  kips. 

-Dividing  the  axle  loads  of  the  rating  vehicles  by  2  gives  wheel  loads  in  kips: 

P3  =  8.5;  ^3,3  =  7.8;  P,_,  =  8.0;  P^,,,  =  16.0 

7  83  +  2 

=  0.8  — *8.5  =  2.09 ft  -kip  !  foot  width 

Likewise: 

^1.92 ft -kip;  =1.91  ft -kip-  =2.93, ft -kip-. 

Deck  Rating  Factors 

-  The  Rating  Factor  Equation  shows  the  ratio  of  available  live  load  capacity  (i.e. 
nominal  capacity  minus  applied  dead  load)  to  applied  live  load.  For  the  LRFR 
method  (Reference  2)  used  herein,  the  Rating  Factor  Equation  is  defined  in  Par. 

3.3  and  when  applied  to  bending  moment  becomes: 

-  The  Load  and  Resistance  Factors  are  determined  from  Reference  2  as  follows: 

-  Par.  3. 3. 2.3:  1=  Impact:  Assume  bumpy  approach;  1=  0.2 

-  Calculate  (|)  from  Figure  4,  Reference  2  as  follows: 

-  Slab  redundant  since  failure  of  one  slab  span  will  not  cause  failure  of 
bridge:  (j)=  0.9 

-  Some  minor  deterioration  of  the  slab:  (|)=  0.9  -  0.1=  0.8 

-  An  intermittent  maintenance  program  is  used:  (|)=  0.8  -  0.05=  0.75 
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-  Determine  y  from  Table  2,  Reference  2  as  follows:  Assuming  low 
traffic  volume  (ADTT  <  1000),  reasonable  enforcement  and  apparent 
control  of  overloads:  y£)=  1.2,  yL=  1.3 

-  Now,  plug  values  into  the  RF  equation.  Note  that  since  Mj^  is  the  same  on  the 
deck  for  both  pos.  and  neg.  moment  and  Mj)  is  greater  for  negative  moment, 
only  the  negative  moment  region  will  be  rated  since  it  will  give  the  lowest  the 
rating: 


RF  -  O-^^CS-O?)- 1.2(0.906)  ^  3.183 
1.3M,  (1  +  0.2) 

3  183 

RF,  =  - - =  1.5  >  1.0  ^  Good 

2.09 

3  183 

RF,s2  =  - - =  1.7  >  1.0  Good 

1.92 

3  183 

RPi  3  =  - =  1-6  >  1.0  z:>  Good 

1.97 

3.183 

^Hsio  -  ~  =  0.8  <  1.0  =>  Too  low,  but  not  used  for  posting 

Military  Load  Class  (MLC)  for  Deck 

-  The  figure  below  demonstrates  that  the  deck  will  generally  not  be  of  concern 
for  "Tracked"  vehicles  since  the  load  is  spread  over  the  entire  track  length. 
Therefore,  the  MLC  of  the  deck  will  only  be  obtained  for  "Wheeled"  vehicles. 
The  allowable  Tracked  class  will  be  obtained  in  the  Stringer  Rating  section. 


-  Since  with  the  LRFR  method,  a  Rating  Factor  greater  than  1 .0  is  satisfactory, 
the  MLC  can  be  obtained  by  setting  the  RF  equation  from  the  previous  page 
equal  to  1.0  and  solving  for  Ml  as  follows: 


RF 


1.0  = 


3.183 


M ^  =  3.183  ft  •  kips 
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-  Ml  represents  the  distributed  moment  in  the  deck  slab.  It  should  now  be  used 
in  the  previous  equation  for  slab  moment  (Par.  3.24.3.1,  Reference  3)  to  solve  for 
the  maximum  allowable  wheel  load,  Pmax*  from  a  military  vehicle  as  follows; 

c  I  9 

^  32 

or 


32M,  32(3.183) 

- 77, — - /  -  \  — 

0.8(5  +  32)  0.8(7.83  +  2) 


-  The  vehicle  data  given  in  Reference  5  are  in  terms  of  axle  loads  instead  of 
wheel  loads,  and  in  imits  of  tons  instead  of  kips.  Therefore,  convert  Pmax- 


=  13.0- 


kips  ( 2  wheels 


wheel  V  axle 


1  ton 
V2  kipsj 


=  13.0 


tons 

axle 


-  Use  Column  3*  of  the  Vehicle  Data  in  Reference  5  to  find  the  maximum 
allowable  wheeled  vehicle  where  any  axle  load  does  not  exceed  13.0  tons. 
Choose  W30  with  a  heaviest  axle  of  1 1  tons,  which  is  <  13.0  tons 

*  Note  that  conservatively.  Column  4  of  the  Vehicle  Data  in  Reference  5  should 
be  used  since  it  lists  the  max.  possible  axle  load  for  each  particular  load  class. 
However,  since  we  are  using  the  LRFR  method  of  rating,  which  accounts  for 
possible  overloads  with  the  load  factors  (y),  the  use  of  Column  4  would  be  too 
conse4rvative  in  most  cases.  This  decision  must  be  made  on  an  individual  basis 
based  on  expected  loadings  at  the  particular  installation.  For  example,  Korean 
installations  may  have  widely  varied  and  impredictable  military  loadings.  They 
may  choose  to  use  the  more  conservative  values  in  Column  4. 


Stringer  Rating 

-  Interior  stringers  generally  control  the  rating  and  this  will  be  assumed  true 
herein.  However,  if  in  doubt,  always  check  both  interior  and  fascia  stringers. 

-  Sufficiency  of  connections  and  bearings  are  generally  not  considered  in  load 
ratings.  However,  ii  in  doubt,  check. 

Nominal  Capacities  of  Stringer 

-  Par.  3. 3 .2.4  of  Reference  2  refers  to  Reference  3  for  calculation  of  nominal 
resistance.  It  also  states  that  the  calculations  should  account  for  observable 
effects  of  deterioration,  such  as  loss  of  steel  cross-section  area.  For  this  example, 
the  stringers  are  assumed  to  be  in  good  condition  with  no  notable  deterioration. 

If  necessary,  stringer  deterioration  can  be  accounted  for  by  reducing  cross- 
sectional  area  or  fy,  and  in  the  selection  of  Resistance  Factors  in  Reference  2. 

-  The  bridge  drawing  (page  1)  does  not  show  shear  connectors  on  top  of  the 
stringers.  Therefore,  the  deck  is  assumed  non-composite  with  the  stringers  for 
this  example.  Design  drawings  are  generally  the  only  reliable  means  of 
determining  whether  a  deck  is  composite.  If  drawings  are  unavailable,  non- 
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composite  action  must  conservatively  be  assumed.  In  general,  bridges  built  prior 
to  1940  were  non-composite  and  those  built  after  1950  may  be  composite. 

-  The  stringers  are  36WF300  without  cover  plates  or  web  stiffeners.  From 
Reference  6: 

A  =  88.3in2,  d  =  36.74in,  tY^^=0.945  in,  tf=1.68in,  bf= 16.655  in 
Ix=20,300  in4,  Iy=1300  in^ 

Sx=1110in3,  Sy=156in3 
Zx=1260in3,  Zy=241  in3 
rx=  1 5 .2  in,  ry=3 . 83  in 

-  The  steel  section  described  above  comes  from  the  current  AISC  manual  where 
A36  steel  has  a  Fy=36ksi.  However,  for  this  example,  assume  the  yield  strength 
is  unknown.  In  that  case.  Par.  3.3.2.4,  Reference  2  refers  to  Par.  5.5.2,  Reference 
4  (also  in  Reference  1,  Par.  6.6.2. 1)  which  allows  determination  of  yield  strength 
based  on  the  date  built  of  the  bridge.  Since  this  bridge  was  built  in  1960,  Table 
5.4.2.A,  Reference  4  specifies  fy=33ksi. 

Nominal  Moment,  M^: 


-  Check  compact  section  criteria  of  Par.  10.48.1,  Reference  3: 

2055 

(a)  Projecting  compression  flange  element:  Check  that  — 


^  ,,  16.655-0.945  ^ 

where  b'=  — - = - =  7.86 

2  2 

'^•^^.  =  47  <  20^  2055 


V 


1.68 


^33,000 


Good 


D  19  230 

(b)  Web  Thickness:  Check  that —  < 


where  D  =  d-lt^=  36.74 - 2(l.68)  =  3338m 


C 


33.38 

0.945 


35.3 


< 


19,230  19,230 

^  ~  -733,000 


105.9 


=j>  Good 


(c)  Lateral  Bracing:  Top  flanges  embedded  in  concrete,  therefore  fully 
braced. 

-  Because  all  of  the  above  criteria  are  true,  the  stringers  can  be  treated  as  braced 
and  compact.  Therefore: 

=  Fy-Z^  =(33As'/)^1260m^j^^^  ^  =  3465 ft -kip 


Nominal  Shear,  V^: 

-  From  Par.  10.48.8.1,  Reference  3,  for  sections  without  web  stiffeners: 
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V^=058F^Dt^ 


=  058(33, 000;75/)(33.38m)(0.945z>2)f-^]  =  603.Skip 


\moibJ 

r^u  ^  .u  .  ^  ^  6000V^  , 

-  Check  that  —  <  — ■== — ,  where  k=  5  for  unstiffened  girders: 

D  _  33.38  ^  6000Vr  OOOOVs  „ 

c  0.945  ^  733:000  ^ 

K=K=  CV^  =  (l.0)(603.8)  =  603.8kip 

Applied  Loading  Effects  on  Stringers 

Dead  Load  (©d); 

-  Par.  3.23.2.3.1.1,  Reference  3:  Sidewalk  and  curb  poured  monolithically, 
before  slab  cured.  Therefore,  only  the  exterior  stringers  are  considered  to  carry 
these  weights.  Do  not  include  these  weights  in  dead  load  to  interior  stringers. 

-  Calculate  dead  load  carried  by  a  single  stringer  as  follows: 

Concrete  Deck: 

=  thickness  (t)  *  concrete  unit  wt.  *  Stringer  Spacing(S) 


=  (7.0m)  150-^^  (94.0z«)  =0685-^ 

^  \  fFr  Kiuin^MombJ  ft 

Asphalt:  =  thickness  (t)  *  asphalt  unit  wt.  *  Stringer  Spacing(S) 


:(4.0z«)  150^  (94.0zzz)  -i^  =0.392^ 

\  fFr  \l44in^  AlOOOlbJ  ft 


Stringer:  From  Reference  6  for  a  W36x300  shape. 


=  0.300- 


Diaphragms:  4  @  24ft  o.c.  composed  of  MCI  8x42.7  @  0.043kip/ft. 
Distribute  out  over  length  of  stringer: 


(Od=- 


(4  diaph.)(7.83  ft  diaph.  length)|^ 0.043 
72.0  ft  of  stringer 


^  =  0.019^ 


Cover  plates,  stiffeners,  splices,  etc.:  None  on  this  bridge 


Total  CO^  =  1.40- 
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Dead  Load  Moment  (Mj)): 
For  a  simple  span  beam: 


M 


D  ~ 


0)1^ 

T" 


901. 2  ft -kip 


Dead  Load  shear  (Vp): 
For  a  simple  span  beam: 


=  50.4^zp 


Live  Load: 

-  Live  load  moments  and  shears  are  those  produced  from  the  wheel  lines  of  the 
rating  vehicles  on  a  72.0ft.  simple  span.  These  can  be  obtained  through  basic 
structural  analysis  by  placing  the  vehicle  to  produce  maximum  moments  and 
shears,  or  more  simply  from  Appendix  A  of  Reference  1  (Refs.  3  and  4  also 
contain  these  values).  Note  in  Table  A3  that  interpolation  between  a  70  and  80ft 
span  is  required: 

=  373.0 ft  •  kip  per  wheel  line 
=  410. 0/i  •  kip  per  wheel  line 
^  =  390.0 ft  ■  kip  per  wheel  line 
=  510.5y?  •  Aip  per  wheel  line 


-  From  A7,  Reference  1 :  Max.  Shear  at  support  at  x=72.0, .'. 


L  —  x 


=  0 


25(x  -  7.44)  _  25(72-7.44)  _ 


72 


=  22.4 


=  i 


36(x- 18.61)  _  36(72-18.61)  _ 


72 


=  26.7 


40(x  -  23.90)  _  40(72  -  23.90)  _  ^ 

1  ~  72  ~ 


36(x-933)_  36(72-933) 


72 


=  31.3 
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stringer  Rating  Factors: 


-  As  done  for  the  deck,  the  Load  and  Resistance  Factors  are  determined  from 
Reference  2  as  follows: 

-  Par.  3. 3. 2.3:  1=  Impact:  Assume  bumpy  approach;  1=  0.2 

-  Calculate  (j)  from  Figure  4,  Reference  2  as  follows: 

-  Steel  stringers  redundant  since  failure  of  one  will  not  cause  failure  of 
bridge:  <t)=  0.95 

-  Some  minor  deterioration  of  the  stringers:  (j)=  0.95  -  0.1=  0.85 

-  An  intermittent  maintenance  program  is  used:  ([)=  0.85  -  0.05=  0.80 

-  Y  factors  will  be  same  as  for  the  deck  (from  Table  2,  Reference  2): 
YD=  1-2,  yL=  1-3 


-  Stringer  Distribution  Factor  (DF):  From  Par.  3.23.2.2,  Reference  3,  for 
concrete  deck  on  steel  I-beam  stringers  (Refer  to  Figure  above): 


Two  -  Way  Traffic:  DF  =  —  =  —  =  I  42 

5.5  5.5 

‘  Now,  plug  values  into  the  RF  equations  for  both  moment  and  shear: 


Appendix  B  Steel  Multi-Girder,  Concrete  Deck  Example 


B11 


Moment:  RF^  = 

"  y,Mfi  +  l)DF 

_  0.80(3465) -1.2(907.2) 

1.3Mi  (1  +  0.2)1.42 


RFm  =  — =  2.0 

M,  273 

RF^  =  —  =  1.85 

4JQ 

RF^  =  —  =  1.95 

W3-3  39Q 


Shear:  RFy  = 

r,V,{^  +  I)DF 


_  0.80(603.8) -1.2(50.4) 
1.3Fi(l  + 0.2)1.42 


RFy  =-^  =  85 
22.4 

i?F^  =  —  =  7.1 

=  —  =  7.1 
26.7 

T,r.  191 
RFy  =  -  =  6.1 

313 


-  As  seen  above,  moment  controls  over  shear  in  this  example.  This  is  generally 
true  for  long  flexible  steel  and  concrete  members,  but  not  necessarily  for  timber. 

MLC  of  Stringers: 


-  From  the  previous  page,  moment  controls.  Therefore,  shear  will  be  neglected 
here. 

-  Use  the  same  procedure  as  for  the  deck;  i.e.  set  RF  equal  to  1  and  solve  for  Ml- 

760 

From  previous  page:  RFf^  =  1  = -  or  M ^  =160  ft  •  kip 
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-  Since  the  MLC  moment  curves  in  Reference  5  are  for  the  total  vehicle  (i.e.  axle 
loads),  the  Ml  value  must  be  multiplied  by  2  since  it  represents  the  moment 
from  a  wheel  line  (see  RF  equation  on  previous  page): 

=2A/,  =2(760)=1520^.fc> 

-  Use  Mr  to  enter  the  wheeled  and  tracked  vehicle  moment  curves  of 

^Total 

Reference  5.  Find  the  vehicles  that  produce  <  Mj^  ^  on  a  72-foot  span. 

-  From  the  curves,  the  MLC  for  two-way  traffic  is  40W  and  40T.  If  desired,  a 
one-way  MLC  may  also  be  determined. 

-  After  the  MLC  is  determined,  the  required  width  for  that  MLC  (from  Table  3-3 
of  Reference  5)  should  be  checked  against  the  available  deck  width.  If 
necessary,  the  MLC  may  be  lowered  based  on  deck  width  or  a  width  restriction 
may  be  posted. 


Rating  Summary 


Bridge 

Element 

Rating  Vehicle 

Type  3 

Type  3S2 

Type  3-3 

HS20 

Mil.  Wheel 

Mil.  Track 

Deck 

M.5  / 

'a.7; 

'j[,6  ; 

\o.s} 

30 

n.a. 

Stringers 

2.0 

1.85 

1.95 

1.5 

40 

40 

Veh.  Wt. 

(tons) 

25 

36 

40 

36 

— 

— 

Load 

Rating 

(tons)* 

37.5 

61 

64 

28 

30 

40 

*  Load  Rating  =  (Lowest  Element  Rating)(Vehicle  Wt.  in  tons) 


-  The  lowest  element  ratings  are  circled  in  the  table 

-  As  per  Par.  6.7.2  and  7.4.2,  the  bridge  should  be  posted  only  if  the  RF  for  the 
three  legal  loads  (The  "Type"  vehicles)  falls  below  1.0.  Therefore,  even  though 
the  HS20  RF  is  less  than  1 .0,  this  bridge  does  not  require  posting.  Remember 
that  the  HS20  rating  is  mainly  for  purposes  of  reporting  to  the  NBI  and  for 
comparison  to  the  original  design  specifications. 

-  All  bridges  on  military  installations  require  MLC  postings.  For  this  bridge,  the 
posting  would  be  40W  and  40T  for  two-way  traffic.  The  rating  for  one-way 
traffic  would  be  higher. 
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Appendix  C 
Truss  Bridge  Example 


Steel  Truss,  Concrete  Deck  Bridge  Rating 
Example 


See  Table  on  Page  20  for  Truss  Member  Details 


Section  View 
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Sited  References: 

1.  Manual  For  Condition  Evaluation  of  Bridges,  AASHTO,  1994. 

2.  Guide  Specifications  for  Strength  Evaluation  of  Existing  Steel  and  Concrete  Bridges, 
AASHTO,  1989. 

3.  Standard  Specifications  for  Highway  Bridges,  AASHTO,  fifteenth  edition,  1992. 

4.  Manual  for  Maintenance  Inspection  of  Bridges,  AASHTO,  1983. 

5.  Military  Nonstandard  Fixed  Bridging,  FM5-446  or  TM5-3 12. 

6.  Manual  of  Steel  Construction,  American  Institute  of  Steel  and  Concrete  (AISC), 
Eighth  Edition. 

Reference  1  is  the  primary  source  of  guidelines  for  load  rating  existing  bridges.  It  allows 
a  choice  of  load  rating  methods.  The  load  and  resistance  factor  rating  (LRFR)  method 
outlined  in  Reference  2  was  used  herein  since  it  more  accurately  reflects  the  current 
condition  of  the  bridge  and  the  degree  of  inspection  and  analysis.  For  this  method. 
Paragraph  6.1  of  Reference  1  refers  all  guidelines  to  Reference  2.  Thus,  Reference  2 
becomes  the  primary  source  for  this  example.  Other  references  will  be  cited  as 
applicable. 


Deck  Rating 

-  Art.  6.7.2. 1  of  Reference  1  states  that,  "In  general,  stresses  in  the  deck  do  not 
control  the  rating  except  in  special  cases."  However,  when  in  doubt  the  deck 
rating  should  be  checked  and  is  therefore  shown  here  for  demonstration 
purposes. 

Nominal  Moment  Capacity  of  Slab,  M|^ 

-  Art.  3.3 .2.4  of  Reference  2  refers  to  Reference  3  for  calculation  of  nominal 
resistance  of  reinforced  concrete  members.  It  also  states  that  the  calculations 
should  account  for  observable  effects  of  deterioration,  such  as  loss  of  concrete  or 
corroded  reinforcing  steel.  For  this  example,  the  deck  is  assumed  to  be  in  good 
condition  with  no  notable  deterioration.  If  necessary,  R/C  deterioration  can  be 
accounted  for  by  reducing  f^.',  fy,  or  the  cross-sectional  area  of  the  rebars  and  in 
the  selection  of  Resistance  Factors  in  Reference  2. 

-  The  concrete  or  steel  strengths  are  unknown  in  this  example,  therefore  refer  to 
Par.  3.3.2.4.1  and  3.3 .2.4.2  for  guidelines: 

fg  -  3,000  psi 

fy=  40,000  psi  (bridge  built  after  1954) 

-  Slab  reinforcing  as  shown  on  page  1. 

-  Tension  Steel  Area  per  foot  of  slab  width  = 

^  _  areaofonebar  (in^)*12in/fl  {O.AAin^){\2inl  ft)  „  2  , 

\  OOZW  /  jt 

bar  spacing  (in)  8z« 

-  Compression  Steel  Area  per  foot  width  =  =  0.66in^  /  ft 

-  Par.  8.16.2.7,  Reference  3:  p=  0.85 

-  Check  compression  steel  criteria  of  Sec.  8.16.3.4,  Reference  3: 
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4-4 

bd 


<  0.85/?, 


87,000 

//JU7,000-/, 


^^^  =  0  <  0.85(0.85i^-^^>  Lo,o 

(12)(4.1)  Uo,000(7.63)A  87,000-40,000; 

-  Because  the  previous  expression  is  true,  the  R/C  section  can  be  treated  as 
having  tension  reinforcing  only  (i.e.  neglect  compression  reinforcing). 
Therefore,  use  Par.  8.16.3.2,  Reference  3  to  calculate  moment  capacity: 

4/,  0.66(40.000) 

a  - - -  \  =  0.863w 

&5f^b  .85(3000)(12) 


d~ 


M,  =  0.66m' f40,000-^¥7.63in  -  =  1 5.84// •  / /oo? 

V  i«VV  2  Ai000/6Ai2zV 

Applied  Loading  Effects  on  Deck 

-  For  the  deck,  neglect  the  dead  load  due  to  sidewalk  and  railings. 

Concrete:  co^  =  thickness  (t)  *  concrete  unit  wt.  *  1  ft.  width 


=  (11.0i»)f  15o4-Y-!^Y-!^1  =0.138^ 

''  \  ft^  )\\lin)\\0mb)  ft 


Dead  Load  Moment,  M^): 

-  Note:  Only  bending  moment  is  considered  for  the  R/C  deck  since  Sec.  3.24.4, 
Reference  3  states  that  "Slabs  designed  for  bending  moment  shall  be  considered 
satisfactory  in  bond  and  shear." 

-  For  simplicity,  neglect  the  effect  of  sidewalk  overhang  which  would  only  serve 
to  reduce  the  positive  bending  moment.  Therefore,  the  deck  is  treated  as  a  three- 
span  continuous  beam  (i.e.  it  spans  four  stringers)  with  equal  span  lengths  and 
the  bending  moments  can  be  obtained  from  the  standard  beam  diagrams  of 
Reference  6  as  shown  below: 
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-  Max.  Negative  DL  Moment,  M,y,^  =  0.10<aS'^ 


=  0.221 


fi-kip 

foot 


-  Max.  Positive  DL  Moment,  Mr,  =  0.086)5'^ 


=  0.177 


fikip 

foot 


Live  Load  Moment,  M^: 

-  Several  different  live  loadings  must  be  considered:  Par.  6.7.2  of  Reference  1 
states  that  the  HS20  loading  (Figure  6.122,  Reference  1)  should  be  used  to 
compare  with  original  design  calculations  and  for  input  to  the  National  Bridge 
Inventory  (NBI).  The  three  typical  legal  loads  shown  in  Figure  7.4.3. 1 
(discussed  in  Par.  7.4.2,  Reference  1)  should  be  used  for  determination  of 
allowable  loadings  (i.e., bridge  postings).  In  addition,  for  bridges  on  military 
installations,  the  allowable  Military  Load  Class  (MLC)  must  also  be  obtained. 
These  loadings  are  described  in  Reference  5. 

-  Recall  from  the  drawing  on  page  1  that  the  deck  is  a  one-way  slab  spanning 
transversely  across  the  stringers  and  that  slab  capacity  and  dead  loads  were 
calculated  for  a  1-foot  transverse  width  of  slab.  As  seen  in  the  figure  below,  the 
worst-case  live  loading  for  the  1-foot  width  of  slab  will  be  caused  by  the  heaviest 
wheel  of  any  of  the  rating  vehicles  centered  between  two  stringers. 


-  It  can  also  be  seen  from  the  previous  figure  that  the  wheel  loading  will  actually 
be  distributed  to  (shared  by)  more  than  a  1-foot  width  of  slab.  To  account  for 
this  distribution,  the  following  Equation  is  recommended  in  Par.  3.24.3.1  of 
Reference  3  for  calculating  live  load  moment  (both  positive  and  negative)  on  the 
deck: 


Live  Load  Moment,  =0.8 


S  +  2 
32 


*  P,  where  P  =  heaviest  wheel  load  in  kips. 


-Dividing  the  axle  loads  of  the  rating  vehicles  by  2  gives  wheel  loads  in  kips: 
P3  =  8.5;  =  7.8;  P,_,  =  8.0;  P„,^,  =  16.0 


=  0.8 


4.0  +  2 
32 


*8.5  =  1.28 ft  ■  kip  /  foot  width 
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Likewise: 


=\.20ft-kip-,  =2A0ft-kip; 

Deck  Rating  Factors 

-  The  Rating  Factor  Equation  shows  the  ratio  of  available  live  load  capacity  (i.e. 
nominal  capacity  minus  applied  dead  load)  to  applied  live  load.  Recall  that  the 
basic  equation  from  Par.  6.5,  Reference  1  is: 


A,L(l  +  I)  ’ 

-  For  the  LRFR  method  (Reference  2)  used  herein,  the  Rating  Factor  Equation  is 
defined  in  Par.  3.3  of  Reference  2  and  when  applied  to  bending  moment 
becomes: 

~y D^D 

-  The  Load  and  Resistance  Factors  are  determined  from  Reference  2  as  follows: 


-  Par.  3.3 .2.3:  1=  Impact:  For  a  smooth  approach;  1=  0.1 

-  Calculate  (j)  from  Figure  4,  Reference  2  as  follows: 

-  Slab  redundant  since  failure  of  one  slab  span  will  not  cause  failure  of 
bridge:  <))=  0.9 

-  Some  minor  deterioration  of  the  slab:  <|)=  0.9  -  0.1=  0.8 

-  An  intermittent  maintenance  program  is  used:  <|)=  0.8  -  0.05=  0.75 

-  Determine  y  from  Table  2,  Reference  2  as  follows:  Assimiing  low 
traffic  volume  (ADTT  <  1000),  reasonable  enforcement  and  apparent 
control  of  overloads:  Y£)=  1.2,  yij=  1.3 

-  Now,  plug  values  into  the  RF  equation.  Note  that  since  Ml  is  the  same  on  the 
deck  for  both  pos.  and  neg.  moment  and  Mj)  is  greater  for  negative  moment, 
only  the  negative  moment  region  will  be  rated  since  it  will  give  the  lowest  the 
rating: 

^  _  0.75(15.84) -U(022l)  8.12 

1.3Mi(l  +  0.l)  ~~M^ 
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=  =  6.3  >  1.0  =>  Good 

1.28 

8  12 

RF-iS2  —  YY7  ~  ^  ^  Good 

■^3-3  =  ~  ^  ^  Good 

RF„s2(i  =  =  3.4  >  1.0  =>  Good 

Military  Load  Class  (MLC)  for  Deck 

-  The  figure  below  demonstrates  that  the  deck  will  generally  not  be  of  concern 
for  "Tracked"  vehicles  since  the  load  is  spread  over  the  entire  track  length. 
Therefore,  the  MLC  of  the  deck  will  only  be  obtained  for  "Wheeled"  vehicles. 
The  allowable  Tracked  class  will  be  obtained  in  the  Stringer  Rating  section. 
However,  if  the  deck  rating  ends  up  controlling  the  overall  bridge  rating,  the 
Engineer  may  want  to  check  the  track  rating  for  the  deck  in  more  detail.  In  that 
case,  use  an  "equivalent  slab  width"  equal  to  the  total  track  length  instead  of  the 
normal  1-foot  beam  width  as  shown  below.  A  conservative  track  rating  for 
concrete  decks  will  always  be  the  same  as  the  Wheel  Class. 


-  Since  with  the  LRFR  method,  a  Rating  Factor  greater  than  1 .0  is  satisfactory, 
the  MLC  can  be  obtained  by  setting  the  RF  equation  from  the  previous  page 
equal  to  1.0  and  solving  for  Ml  as  follows: 

=  8.12  ft  -  kip 

-  Ml  represents  the  distributed  moment  in  the  deck  slab.  It  should  now  be  used 
in  the  previous  equation  for  slab  moment  (Par.  3.24.3.1,  Reference  3)  to  solve  for 
the  maximum  allowable  wheel  load,  Pmax*  a  military  vehicle  as  follows: 
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M,=Q&^^*P 

32 

or 

P=P  - 

0.8(5  +  32) 


32(8.12) 
0.8(40  +  2) 


=  54.1/dp 


-  The  vehicle  data  given  in  Reference  5  are  in  terms  of  axle  loads  instead  of 
wheel  loads,  and  in  units  of  tons  instead  of  kips.  Therefore,  convert  Pmax- 

2  wheels^  ^^^”1-541 
axle  )\21dps)  axle 

-  Use  Column  4*  of  the  Vehicle  Data  in  Reference  5  to  find  the  maximum 
allowable  wheeled  vehicle  where  any  axle  load  does  not  exceed  54.1  tons. 

Choose  W150  with  a  heaviest  axle  of  42  tons,  which  is  <  54.1  tons 

*  Note  that  Column  4  of  the  Vehicle  Data  in  Reference  5  is  the  most 
conservative  since  it  lists  the  max.  possible  axle  load  for  each  particular  load 
class.  However,  since  we  are  using  the  LRFR  method  of  rating,  which  accounts 
for  possible  overloads  with  the  load  factors  (y),  the  use  of  Column  4  may  be  too 
conservative  in  some  cases  and  the  axle  loads  listed  in  Column  3  may  be  used 
instead.  This  decision  must  be  made  on  an  individual  basis  based  on  expected 
loadings  and  degree  of  control  at  the  particular  installation. 


=54.1-^( 

wheelK 


Stringer  Rating 

-  Interior  stringers  generally  control  the  rating  and  this  will  be  assumed  true 
herein.  However,  if  in  doubt,  always  check  both  interior  and  fascia  stringers. 

-  Sufficiency  of  connections  and  bearings  are  generally  not  considered  in  load 
ratings.  However,  if  in  doubt,  check. 

Nominal  Capacities  of  Stringer 

-  Par.  3. 3. 2.4  of  Reference  2  refers  to  Reference  3  for  calculation  of  nominal 
resistance.  It  also  states  that  the  calculations  should  account  for  observable 
effects  of  deterioration,  such  as  loss  of  steel  cross-section  area.  For  this  example, 
the  stringers  are  assumed  to  be  in  good  condition  with  no  notable  deterioration. 

If  necessary,  stringer  deterioration  can  be  accoimted  for  by  reducing  cross- 
sectional  area  or  fy,  and  in  the  selection  of  Resistance  Factors  in  Reference  2. 

-  The  bridge  drawmg  (page  1)  does  not  show  shear  coimectors  on  top  of  the 
stringers.  Therefore,  the  deck  is  assumed  non-composite  with  the  stringers  for 
this  example.  This  will  generally  be  the  case  with  truss  bridges. 

-  The  interior  stringers  are  10WF21  without  cover  plates  or  web  stiffeners.  From 
Reference  6  (Seventh  Edition): 
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A=6.20in2,  d=9.90in,  tw=0.240in,  tf=0.340in,  bf=5.750in 

,  Sx=21.5in3,  Zx=24.1m3,  rx=4.15in 


-  The  steel  section  described  above  comes  from  the  current  AISC  manual  where 
A36  steel  has  a  Fy=36ksi.  However,  for  this  example,  assume  the  yield  strength 
is  unknown.  In  that  case.  Par.  3. 3 .2.4,  Reference2  refers  to  Par.  5.5.2,  Reference 
4  (also  in  Reference  1,  Par.  6.6.2. 1)  which  allows  determination  of  yield  strength 
based  on  the  date  built  of  the  bridge.  Since  this  bridge  was  built  in  1957,  Table 
5.4.2.A,  Reference  4  specifies  fy=33ksi. 

-  Note  that  for  very  old  bridges,  the  steel  members  may  no  longer  be  listed  in  the 
current  AISC  manuals.  In  that  case,  consult  older  versions  of  the  manual  for 
section  dimensions  and  properties. 


Nominal  Moment,  M^: 

-  Check  compact  section  criteria  of  Par.  10.48.1,  Reference  3: 


2055 

(a)  Projecting  compression  flange  element:  Check  that  —  <  ■ 


,,  z.,  5.75-0.24 

where  b  —  — - = - =  2.76 

2  2 


b'  2.76 


t. 


0.34 


=  8.1 


2055  _  2055 

7^  "  ^33,000 


=>  Good 


D  19  230 

(b)  Web  Thickness:  Check  that —  < 

where  D  =  d  -It^  =9.9-  2(034)  =  9.22in 


K 


9.22 

0.24 


38.42 


< 


19,230  19,230 

7^  "  733,000 


105.9 


=>  Good 


(c)  Lateral  Bracing:  Top  flanges  embedded  in  concrete,  therefore  fully 
braced. 


-  Because  all  of  the  above  criteria  are  true,  the  stringers  can  be  treated  as  braced 
and  compact.  Therefore: 


M=M=F-Z, 


=  (33yb/)(24.1z«' 


66.39 ft  ■  kip 


Nominal  Sheaf,  Vjj: 

-  From  Par.  10.48.8.1,  Reference  3,  for  sections  without  web  stiffeners: 
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V^=05SF^Dt„ 

=  038(33, 000;75/)(922?n)(0.24m)(^^^^^j  =  42.4fo> 

-  Check  that  Check  that  —  <  —  where  k=  5  for  unstiffened 

girders: 


D  9.22 


=  38.4  < 


6000V^  6OOOV5 


=  73.9  =»  .-.  C  =  1.0 


K=K=  CV^  =  (1.0)(42.4)  =  42.4fo> 


**  Connections  are  normally  designed  to  be  stronger  than  the  supported 
members  and  thus  are  generally  not  checked.  They  should  be  checked  if 
questionable  or  showing  signs  of  deterioration  or  distress. 

Applied  Loading  Effects  on  Stringers 

Dead  Load,  <»£): 

-  Par.  3 .23 .2.3 . 1 . 1 ,  Reference  3 :  Sidewalk  and  curb  poured  monolithically, 
before  slab  cured.  Therefore,  only  the  exterior  stringers  are  considered  to  carry 
these  weights.  Do  not  include  these  weights  in  dead  load  to  interior  stringers. 

-  Calculate  dead  load  carried  by  a  single  stringer  as  follows: 

Concrete  Deck: 

o)d=  thickness  (t)  *  concrete  unit  wt.  *  Stringer  Spacing(S) 

=  (1 1.0m)fl50^1(48.0m/^^¥^^l  =  0350^ 

V  ft^r  \uAire  Momb)  ft 


Stringer:  From  Reference  6  for  a  W10x21  shape,  cOj^  =  0.021- 


Total  Q)jj  =  0.571- 


Dead  Load  Moment,  Mj):  For  a  simple  span  beam: 


M^  = 


[osnfyoftr 


=  7.14  ft  •  kip 
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Dead  Load  shear,  Vj):  For  a  simple  span  beam: 


Live  Load: 

-  Live  load  moments  and  shears  are  those  produced  from  the  wheel  lines  of  the 
rating  vehicles  on  a  10  foot  simple  span.  These  can  be  obtained  through  basic 
structural  analysis  by  placing  the  vehicle  to  produce  maximum  moments  and 
shears,  or  more  simply  from  Appendix  A  of  Reference  1  (Refs.  3  and  4  also 
contain  these  values): 

M  =  (max.  moment  per  wheel  line  from  App.  A3) 

=21 .2  ft  -  kip  per  wheel  line 
=24.S  ft  -  kip  per  wheel  line 
^  =  22.4  ft  ■  kip  per  wheel  line 
ft  ‘kip  per  wheel  line 

V  =  (max.  shear  per  wheel  line  from  App.  A5) 

=  \2>.6kip  per  wheel  line 
=  \2Akip  per  wheel  line 
j  =  1 1.2^p  per  wheel  line 
V,  =  \6.0kip  per  wheel  line 

Stringer  Rating  Factors 

-  As  done  for  the  deck,  the  Load  and  Resistance  Factors  are  determined  from 
Reference  2  as  follows: 

-  Par.  3.3.2.3:  1=  Impact:  Smooth  approach;  1=  0.1 

-  Calculate  (j)  from  Figure  4,  Reference  2  as  follows: 

-  Steel  stringers  redundant  since  failure  of  one  will  not  cause  failure  of 
bridge:  ([)=  0.95 

-  Some  minor  deterioration  of  the  stringers:  4>=  0.95  -  0.1=  0.85 

-  An  intermittent  maintenance  program  is  used:  <|)=  0.85  -  0.05=  0.80 

-  y  factors  will  be  same  as  for  the  deck  (from  Table  2,  Reference  2):  yf)= 
1.2,  yL=  1.3 

-  Stringer  Distribution  Factor  (DF):  From  Par.  3.23.2.2,  Reference  3,  for 
concrete  deck  on  steel  I-beam  stringers: 

One  -  Way  Traffic:  DF  =  —  =  —  =  0.57 

7.0  7.0 
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-  Note  that  two-way  traffic  is  not  considered  here.  Article  3.6.1  of  Reference  3 
states  that  traffic  lanes  must  be  12  feet  wide.  From  the  drawing  on  page  1  of  this 
document,  it  is  thus  apparent  that  only  one  traffic  lane  exists. 

-  Now,  plug  values  into  the  RF  equations  for  both  moment  and  shear: 


Moment:  RF^  = 


<l>^n  -rp^D 
r,M,(l  +  l)DF 


0.80(66.39) -12(7.14) 
13Mi(l  + 0.1)057 


54.65 


0.80(42.4) -1.2(2.86) 
13Fi(l  + 0.1)056 


RF,^ 

_  38.07 

■  n 

13.6 

RFy 

=  '*•“’=3.07 

12.4 

RFy 

'^3-3 

=  '*•“’=3.40 

11.2 

RFy 

=  '*•“’=238 

*^HS26 

16.0 

MLC  of  Stringers 

-  From  the  previous  page,  moment  controls.  Therefore,  shear  will  be  neglected 
here. 

-  Use  the  same  procedure  as  for  the  deck;  i.e.  set  RF  equal  to  1  and  solve  for  Ml. 

From  previous  page:  =  1  =  or  =54. 65  ft  -  kip 
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-  Since  the  MLC  moment  curves  in  Reference  5  are  for  the  total  vehicle  (i.e.  axle 
loads),  the  Ml  value  must  be  multiplied  by  2  since  it  represents  the  moment 
from  a  wheel  line  (see  RF  equation  on  previous  page): 

=2J1/,=2(54.65)=109.3/(.% 

-  Use  M,  to  enter  the  wheeled  and  tracked  vehicle  moment  curves  of 

‘^TotaJ 

Reference  5.  Find  the  vehicles  that  produce  <  , ,  on  a  10-foot  span. 

-  From  the  curves,  the  MLC  is  SOW  and  60T  for  one-way  traffic. 

-  The  above  MLCs  should  be  checked  against  the  required  lane  widths  listed  in 
Table  3-3  of  Reference  5.  From  the  Table,  a  13'-2"  lane  width  is  required  for 
class  50  and  60  vehicles  and  only  a  12'  width  is  available.  According  to 
Reference  5,  the  MLC  should  be  adjusted  downward  due  to  this  limitation. 
However,  this  should  be  done  only  at  the  judgment  of  the  Engineer  based  on  the 
actual  vehicles  expected  over  the  bridge  since  many  military  vehicles  are  actually 
narrower  than  listed  in  the  Table.  If  necessary,  a  separate  width  limitation  may 
be  posted  on  the  bridge. 

-  Remember  that  in  most  cases,  a  two-way  traffic  rating  must  also  be  determined. 
But  in  this  case,  the  deck  is  too  narrow. 


Floor  Beam  Rating 

-  Both  end  and  intermediate  floor  beams  are  the  same.  Normally  should  check 
both  if  they  differ. 

-  The  floor  beams  are  W21  x  62  without  cover  plates  or  stiffeners.  From 
Reference  6: 

/;r=1330  .4  =  18.3 

=  127  =  144 

Rx=%.5A  Zy  =  l\.l 

Nominal  Capacity  of  Floor  Beam 

Fy  =  3)3ksi  due  to  1957  date  built.  Table  5.4.2.A,  Reference  4 

Nominal  Moment,  Mp 


-  Although  not  shown  here,  the  W21x62  floor  beams  meet  compact  section  and 
lateral  bracing  criteria  of  Art.  10.48.1,  Reference  3.  The  equations  for  this 
criteria  were  demonstrated  previously  in  the  "Stringer"  section  of  this  analysis. 

ft  ^ 


M„=M^=F  ■Z^=  (33fo0(144m)| 


12m/ 


=  396.0 ft  •  kip 


*  Shear  check  is  not  shown  herein,  but  should  normally  be  made  as  done  for  the 
stringers. 
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**  Connections  are  normally  designed  to  be  stronger  than  the  supported  members  and 
thus  are  generally  not  checked.  They  should  be  checked  if  questionable  or  showing  signs 
of  deterioration  or  distress. 


Applied  Loading  Effects  on  Floor  Beams 

Dead  Load  (o^): 

Cone.  Deck  (neglect  parapets  since  they  are  near  the  ends  of  the  floor  beams): 
Oj)  =  thickness(t)  •  floorbeam  spacing  -  0}(. 

=  (10«)(10//)(l50^)(^) 

=  1250f 

Stringers  (spread  out  over  length  of  floorbeam): 

(^wt.  per  foot  of  stringer  floor  beam  spacing  j^no.  of  stringers  j 


co^  = 


floor  beam  length 


21 


lb 

foot 


(10/0(4) 


16.5/ 

=  51.0f 

Floorbeam:  W21x62: 

=  62.0f 

=  1360f  =  1.36^ 


Dead  Load  Moment,  Mj): 


__  = - L - =  46.4^-^ .  kip 


Live  Load  Moment: 
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-  From  the  diag.  above,  it  can  be  seen  that  the  worst  case  floor  beam  loading  is 
produced  by  placing  the  rating  vehicle  in  the  longitudinal  position  for  the  greatest 
shear  reaction  and  laterally  for  the  highest  bending  moment  in  the  floor  beam. 
This  can  be  done  as  shown  above,  or  the  aids  in  App.  A4,  p.81.  Reference  1  can 
be  used,  as  was  done  herein. 

-From  the  Table,  w/stringer  span  =  10  ft ,  the  line  load  reactions  (R)  per  wheel 
line  are  (in  kips); 

Type  3  Type  3S2  Type  3-3  HS20 

13.6  kip  12.4  kip  11.2  kip  16.0  kips 
-From  the  formulas  on  the  same  page,  for  a  singe  lane  loading: 

A.r  t,  {L-3fR  (16.5-3)' i? 

M  =  max.  mom.  in  floor  beam  =  - - - =  - - - =  5.52 R 

2L  2(16.5) 

Type  3  Type  3S2  Type  3-3  HS20 
75.1  ft  -  kip  68.4  ft  -  kip  61.8  ft  •  kip  88.3  ft  •  kip 

Floor  Beam  Rating  Factors 


As  for  the  stringers:  I  =  0.1;  (j)  =  0.8;  yj)  =  1.2;  yl  =  1.3 

RF  =  _  0.8(396.0) -1.2(46.4)  ^  182.6 

r,M,{i  +  i)  i3Ml(i.i)  ■  Mp 


'  75.1 


^3S2=^^  =  2.67 


RF,_,= 


68.4 

182.6 

61.8 


=  2.95 


182.6  ^ 

^^HS20  ~ “  2.07 
88.3 


Military  Load  Class  (MLC)  for  Floor  Beams 

-  As  previously  done  with  the  stringers,  set  the  above  Rating  Factor  equation 
equal  to  1.0  and  solve  for  the  live  load  moment: 


i?F  =  1.0  = 


182.6 

M, 


=lZ2.6ft-kip 


-  The  value  Ml->  above  represents  the  allowable  moment  in  the  floor  beams.  The 
wheel  or  track  line  reactions  which  cause  this  moment  can  be  determined  by 
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solving  the  previously-shown  floor  beam  moment  equation  (from  App.  A4,  p.81, 
Reference  1)  for  the  reactions,  R,  as  follows: 


M, 


2L  2(165) 


R  =  ZA&kip 

-  As  seen  in  the  previous  Figure,  R  represents  the  wheel  (or  track)  line  reaction 
which  will  produce  that  maximum  allowable  bending  moment.  With  this  value 
of  i?,  use  the  attached  transverse  floor  beam  curves  to  find  the  Wheeled  and 
Tracked  military  vehicles  that  cause  a  reaction  less  than  or  equal  to  R,  with  a 
floor  beam  spacing  of  10  feet: 


From  the  Charts:  The  MLC  is  WTO  and  T50 

Note  that  the  Tracked  rating  for  die  floor  beams  is  lower  than  that  for  the 
stringers  and  thus  controls,  even  though  the  stringers  controlled  the  ratings  for  all 
of  the  civilian  loadings.  This  demonstrates  the  importance  of  always  checking 
the  MLC  even  when  the  civilian  ratings  do  not  control  for  that  particular  element. 


Truss  Rating 


-  Truss  rating  is  very  tedious  because  each  truss  member  and  its  worst-case 
loading  must  be  considered  separately.  Therefore,  a  truss  rating  is  basically  like 
performing  x*y  separate  load  ratings,  where  "x"  is  the  number  of  truss  members 
and  "y"  is  the  number  of  live  load  vehicles  desired.  This  process  is  made  simpler 
by  use  of  Influence  Diagrams  as  demonstrated  herein.  In  addition,  most  trusses 
are  symmetric  and  therefore  only  half  of  the  truss  must  be  rated. 

Live  Load 

-  Influence  Diagrams  are  constructed  by  "marching"  a  unit  load  across  the  truss 
span  and  plotting  its  load  effect  versus  location  for  each  member.  Because 
vehicle  live  loads  are  transferred  tiirough  tiie  deck  system  (i.e.  from  the  deck  to 
the  stringers  to  the  floorbeams),  live  loads  can  only  be  applied  to  die  truss  at  the 
ends  of  the  floor  beams,  which  are  always  at  the  truss  panel  points  (i.e.  truss 
member  joints).  This  is  demonstrated  in  the  Figure  shown  on  page  14  of  friis 
example.  Therefore,  the  imit  loadings  for  the  Influence  diagrams  need  only  to  be 
applied  at  the  truss  panel  points. 

-  The  "Method  of  Moments  and  Shears"  will  be  used  to  determine  the  truss 
member  forces  (bar  forces)  resulting  from  the  imit  load  applications.  Basically, 
this  method  is  accomplished  by  drawing  the  free-body  diagram  for  the  truss 
member  being  considered  and  then  deciding  whether  a  summation  of  moments  or 
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shears  will  provide  the  unknown  bar  force.  (Hint:  Only  the  upper  and  lower 
chord  can  use  the  method  of  moments)  This  process  is  demonstrated  below: 


By  similar  triangles 
_  -^UlLO 

9  13.45 

10  9 

Rn-fRy 

and2:iv=0 
Ry  =  Rl 

•^UlLO  =  0 

Solve  for  beam  reactions:  =  |- ; 

Then,  from  the  equation  above:  =  1-49(|)  =  -132C 

For  the  Unit  Load  @12:  | ;  Then  Fu,lo  =  l-49(f)  =  -1.1 6C 

Continue  w/unit  load  until  a  maximum  is  found;  i.e.  -max.  value  here  is  1.32,  or 
actually  by  inspection  of  the  eq.  it  can  be  seen  that  the  max.  force  will 

occur  where  is  max. 

Member  LOL 1 :  (Shear) 

Using  the  previous  free-body  diagram:  Flqu  -Rn=^Ry  max.  occurs  where 
is  maximum  (i.e.  at  Lqi). 

For  the  Unit  Load  @L1:  =  f  ;  F^oli  =  t(I)  =  +0-997 

Member  UlLl :  By  Inspection: 

Fuil,  =  0  for  load  @  LO 
=  1.0  for  load  @  LI 
=  0  for  load  @  L2  and  beyond 


Member  UlLO:  (Shear) 


For  the  Unit  Load  @  LO: 
For  the  Unit  Load  @  LI: 


Rh 


As  above:  F^j^j  =  1.49 F^, ,  F^, 


10  p 
9 


For  Unit  Load  @Z,/:  F^  =|-  ; 

EF@(71  =  0  =  1.0-f  +  F^  =>F^  =-0.11 

•••^uil2=1-49(-.11)  =  -.17C 

For  Unit  Load  @L2:  Ri=j,  since  UlLl  =  0,  then 

^.=7=^^u.L2=l-49(i)  =  +1.16r 
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Member  U1U2:  (Moment) 


1.0 


L2 


For  Unit  Load  @Z7:  R^=j; 

SM,3  =0  =  f(20)-1.0(10)-F„,„3(9) 
F„,^;3=-0.86C 


For  Unit  Load  @  L2:  SMl2  =  0  =  |■(20)  -  F^i^j  (9) 

^uiu2  ~  ~1.73C 

For  Unit  Load  @L3:  R^^=h  =  0  =  f  (20)  -  Fu,u2(9) 

^uiu2  ~  ~L48C 

Summary 

All  other  member  forces  (due  to  unit  loads  at  panel  points)  are  found  in  a  similar 
manner  as  that  demonstrated  on  the  previous  pages  and  are  summarized  as 
follows: 


Member 

r  Force  When  Unit  Load  is  at:  I 

LI 

L2 

L3 

L4 

L5 

UlLO 

-1.32 

-1.16 

LOLl 

+0.99 

UlLl 

1.0 

0 

0 

0 

0 

U1L2 

-0.17 

+1.16 

UIL2 

-0.86 

-1.73 

-1.48 

L1L2 

0.99 

U2L2 

0 

0 

0 

0 

0 

U4L4 

0 

0 

0 

0 

0 

U3L3 

0 

0 

1.0 

0 

0 

U3L2 

0.16 

-0.33 

-0.99 

-0.82 

U2U3 

-0.86 

-1.73 

-1.48 

L2L3 

0.74 

1.48 

2.22 

U3L4 

-0.50 

+0.  83 

U3U4 

-1.85 

-2.47 

U4U5 

-1.85 

-2.47 

-2.47 

L4L5 

1.98 

1.98 

U4L5 

0 

0 

0 

0 

0.66 

U5L4 

0 

0 

0 

0.66 

0 

From  the  above  Table,  group  members  with  similar  forces  in  order  to  minimize 
number  of  Influence  Diagrams  required: 
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LOLl,  L1L2 
U1U2,  U2U3 
U2L2,  U4L4 
U3U4,  U4U5 

Influence  Diagrams  and  Maximum  Member  Forces  Due  to  Live  Loads 

Truss  Distribution  Factor: 

-  The  portion  of  live  load  that  goes  into  each  truss  is  very  dependent  upon  how 
close  die  live  load  can  get  to  the  truss.  This  is  determined  by  the  curb  widths  on 
the  deck,  the  allowable  distance  of  the  vehicles  from  the  curb,  the  number  of 
traffic  lanes,  and  the  center-to-center  spacing  of  the  truss  compared  to  the 
roadway  width.  Figure  6.7.2. 1  of  Reference  1  stipulates  that  wheel  loads  should 
not  be  closer  than  2.0'  from  curbs.  Article  6. 7.2.2  stipulates  that  roadways  less 
than  18  feet  wide  carry  only  one  lane.  Based  on  these  criteria,  the  DF  is 
determined  specifically  for  the  truss  in  this  example  as  follows: 


2' 

J 

P 

6* 

P 

X 

[ _ J 

_  1  - 

I  T - ; 

^  16.5*  C.  to  C.  of  trusses 

find  ..view 


SMrl  =0=P(3.25+9.25)-i?jj(16.5) 
R,,  =0.88P 

=2P-MP  =  l.l2P=>  Max. 

Therefore,  DF  =  1.12  for  wheel  line  loads 
or  0.56  for  axle  loads 


***Note:  DFs  can  be  determined  as  done  above,  or  more  simply,  the  equations 
on  page  81  of  Appendix  A  of  Reference  1  may  be  used. 

Impact  Factor:  Same  as  floor  membranes,  I  =  0. 1 

Influence  Diagrams:  The  live  load  Influence  Lines  resulting  from  all  of  the 
above  calculations  are  shown  in  the  attached  influence  diagrams  for  each  truss 
member. 


C18 


Appendix  C  Truss  Bridge  Example 


Dead  Load  Calculations 


Member 


L0U1,U8L9 
and 
U1U2- 
U7U8 
Top  Chord 

7  Members 
Total 

Verticals: 

U1L1,U2L2, 

etc. 

8  Total 

Diagonals: 
U1L2,  U3L4 
L5U6,  L7U8 
4  Total 


Diagonals: 
L2U3,  U6L7 
2  Total 


Counters: 

U4L5,L4U5 


L0L1,L1L2 
L7L8,  L8L9 
4  Total 


L2L3-^ 
L6L7 
5  Total 


Sketch 


14" 


W8x31  Rolled 


W8xl7  Rolled 


W8x24  Rolled 


(2)  L3x2.5x0.25  AISC 


(2)  Ux6x0.5  AISC 


(2)  L6x6x0.5  AISC 


Single  Member 


Gross 

Area 

(in^) 

Weight 

(k/ft) 

Length 

(ft) 

Weight 

Total 
Weight 
(#  Members) 
(wt) 

2(4.04)  + 

[2(13.75)  + 
(.3I)(I4)(3.4)] 

13.75 

0.97 

1.94 

(.31)(14)  = 

12.42 

*1.70  =.072 

(see 

note 

below) 

10.0 

0.78 

5.46 

9.13 

31(1.7)  =.0527 

9.0 

0.47 

3.76 

5.01 

Old 

AISC 

17(1.7)  =.0289 

13.5 

0.39 

1.56 

7.08 

24(1.7)  =.0408 

13.5 

0.55 

1.10 

2.62 

2(4.5)(1.7) 

=.0153 

13.5 

0.21 

0.42 

9.50 

2(16.2)(1.7) 

=  55.1 

.0551 

10.0 

0.55 

2.20 

11.50 

2(19.6)(1.7) 

=.0666 

10.0 

0.67 

3.35 

Total  weight  of  Truss  =  1 9.79  kips  Uniform  Load  of  Truss  =  =  0. 22 


Note:  Weights  are  increased  by  70%  to  account  for  gussets,  rivets,  etc.  This 
may  be  too  conservative  and  is  at  the  discretion  of  the  Engineer. 
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Truss  Dead  Load  Due  To  Floor  &  Deck  System 


-From  floorbeam  rating,  Dead  Load  on  floorbeam  =  1.36 


kip 


1.36-f  (16.5ft  span) 


1 


V2  trusses 


1 


UO  ft  panel  lengthy 


1.12-f 


-Addition  due  to  parapets  on  deck: 


1.150*  = 


0.28^ 

Total  =  1.40-^ 


Therefore,  total  uniform  Dead  Load  on  one  truss  =  Truss  +  Floor  System  +  Deck 

=  0.22+1.40  =  1.62-^ 


Dead  Load  Bar  Forces 


Member 

Net  Area  Under  Influence 
Diagram 

Bar  Force  =  (1.62)(Net  Area) 

L0U1,U8L9 

1.32(90')0.5=  -59.4 

96.2  kips  (C) 

LOLl,  L1L2,  L7L8,  L8L9 

0.99(90')0.5  =  -44.6 

72.2  kips  (C) 

UlLl,  U8L8,  U3L3,  U6L6 

1.0(20')0.5  =  10.0 

16.2  kips  (T) 

U1L2,  L7U8 

0.5[(1.16)(78.7')  -  (0.17)(1 1.3')]  =  44.7 

72.4  kips  (T) 

U1U2,  U2U3,  U6U7,  U7U8 

-1.73(90)0.5  =  -77.9 

126.1  kips  (C) 

U3L2,  U6L7 

0.5[0.16(12.8)-(0.99)(77.2)]  =  -39.2 

63.6  kips  (C) 

L2L3,  L3L4,  L5L6,  L6L7 

2.22(90')0.5  =  99.9 

161.8  kips  (T) 

U3L4,  L5U6 

0.5[-0.5(33.76)  +  (0.83)(56.24)]  =  3 1.8 

51.5  kips  (T) 

U3U4,  U4U5,  U5U6 

2.47(90')0.5  =  -111.2 

180.1  kips  (C) 

L4L5 

1.98(80’)0.5  + 1.98(10')  = 
99.0 

160.4  kips  (T) 

U4L5,  L4U5 

0.66(50')0.5  =  16.5 

26.7  kips  (T) 

Nominal  Capacities  of  Truss  Members 


-Art.  6.6.3,  Reference  1  refers  to  the  "Load  Factor"  section  of  Reference  3 
-Bridge  built  in  1957.  Therefore,  from  Table  6.6.2.1-1,  Reference  1,  =  33  ksi 

-Nominal  Tensile  Strength  =  A„Fy  ,  where  A^  =  Net  cross-sectional  area 
-From  Art  10.54.1.1,  Reference  3:  Max.  compressive  Strength  =  ?„  =  0.85  A^F^^ 
where  A^  =  gross  effective  area  of  column  cross  section  and  F^  is  determined  by 
one  of  the  following  two  formulas: 


For 


(eq.  1) 
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-From  Art.  10.54.1.2,  Reference  3:  K  =  0.75  for  riveted  connections 

Members  LOUl,  U8L9: 

Compression 
4  =  13.45' =161.4  in 


14"x0.3I''thkpl. 


=  s(lo  Ad^)  =  72.24  +  42.37  =  1 14.6m'' 


-Assume  buckling  will  occur  about  the  x-axis,  If  in  doubt  check  both  axes  and 
take  smaller. 


.'.  Use  eq.(l)  from  above  for  buckling  stress: 

P„  =  0.85(l2.42in^)(3 1,447^)  =  331kips{C) 


Members  U1U2  ->  U7U8: 

Compression 

=  lO.Oyi  =  120m 

-same  properties  as  LOUl  and  U8L9:  =  3.0m 


KL, 

r 


75(120) 

3.0 


=  30.0<131.7 
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FpR  =  33,000 


1-- 


33,000 


(30.0)' 


4;r'(29-10*) 

Pu  =.85(12.42)(32,144)  =  339fe>j(C) 


=  32,144/75/ 


Vertical  Members  U1L1,U2L2,  etc.: 

Tension 

Lp  =  9.0  ft  =  108m 

W8x31  with  Net  Area  =  9.13in2 

T„  =  A„Fy  =  (9.13in')(33,000/?5z)  =  301/b/75(r) 

-  Other  nominal  capacities  calculated  similarly  and  summarized  as  follows: 


Member 

Nominal  Capacity  (kips) 

LOUl,  U8L9 

332  (C) 

U1U2  ^  U7U8 

339  (C) 

Verticals:  UlLl,  U2L2,  etc. 

301  (T) 

Diagonals:  U1L2,  U3L4,  L5U6, 

L7U8 

165  (T) 

Diagonals:  L2U3,  U6L7 

166  (C) 

Counters:  U4L5,  L4U5 

72  (T) 

LOLl,  L1L2,  L7L8,  L8L9 

289  (T) 

L2L3  L6L7 

365  (T) 

Truss  Rating  Factors 

-Basic  Equation  from  Art.  6.5,  Reference  1: 

RF^ 

41(1  +  /) 

where,  based  on  the  LRFR  Method  (Reference  2): 

C  =  4>Pu  >  where  (()  =  0.8  (Reference  2) 

Ai  =  1.2 

A2  =  1.3 

D  =  Dead  Load  bar  force 
L  =  Live  Load  bar  force 

I  =  Impact  (already  included  in  truss  Live  Load  calcs.) 

.^^a8C^2Z) 

1.31 

Members  LOUl  and  U8L9: 


for  Type  3  Vehicle  : 


RF  = 


0.8(332) -1.2(96.2)  _  115.5 


1.31 


36.9 
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for  Type  3S2  Vehicle:  RF  =  =  2.6 

44.9 

for  Type  3-3  Vehicle:  RF  =  =  2.5 

45;  6 


for  Type  HS20  Vehicle:  RF  =  =  2.2 

51.7 


-  Summarizing  for  all  members: 
Live  Load  Force  /  Rating  Factor 


Member 

Nom. 

Cap. 

DL 

Force 

Type  3 

Type3S2 

Type  3-3 

HS20 

L0U1,U8L9 

332  C 

96.2 

36.9/3.1 

44.9/2.6 

45.6/2.5 

57.7/2.2 

U1L1,U8L8,U3L3,U6L6 

301  T 

16.2 

19.8  /  8.6 

18.1/9.4 

16.3  / 10.4 

23.3/7.3 

U1L2,  L7U8 

165  T 

72.4 

31.9/1.1 

37.7/0.9 

37.6/0.9 

44.6/0.8 

U1U2,U2U3,U6U7,U7U8 

339  C 

126.1 

47.6/1.9 

56.8/1.6 

57.1/1.6 

,66.4/1.4 

L2U3,  U6L7 

166  C 

63.6 

26.6/1.6 

30.3  / 1.4 

29.3/1.5 

40.3  / 1.1 

L2L3,L3L4,L5L6,L6L7 

365  T 

161.8 

59.8/1.3 

71.9/1.0 

69.3/1.1 

83.1/0.9 

U3L4,  L5U6 

165  T 

51.5 

21.7/2.5 

23.1/2.3 

21.8/2.5 

30.0/1.8 

U3U4,  U4U5,  U5U6 

339  C 

180.1 

66.3/0.6 

78.9/0.5 

75.3/0.6 

89.2/0.5 

L4L5 

365  T 

160.4 

56.5/1.4 

61.4/1.2 

58.3/1.3 

79.5/1.0 

U4L5,  L4U5 

72  T 

26.7 

16.5  / 1.2 

12.8/1.5 

14.8/1.3 

22.5/0.9 

Military  Load  Class  (MLC)  of  Truss 


-From  previous  page,  the  top  chord  members,  U3U4,  U4U5,  and  U5U6 
controlled  the  rating.  Therefore  the  MLC  will  also  be  controlled  by  these 
members. 


-From  previous  calcs,  the  nominal  capacity  of  these  members  is  339  kip  (C). 
.-.  M„  =  339 kip(9 ft)  =  305lft-kip 

-Also  from  previous,  the  uniform  dead  load  on  the  truss  is  1.62 


wf 


l.62j^{90fty 

8 


I640ft-kip 


-Setting  the  RF  equation  equal  to  1.0  and  solving  for  : 
pj.  C-A,D 
A2L{\  +  I)DF 
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1.0  = 

1.3M^(1.1)(1.12) 

M  -  _  0.8(3051) -1,2(1640) 

^  1.60  1.60 


=  295.2 ft  •  kip  per  truss 


-Note  that  the  DF  of  1.12  used  above  was  from  previous  calcs  and  was  for  a 
wheel  line.  Since  MLC  Moments  in  Reference  5  are  for  axle  loads  on  the  total 
structural  system: 

.-.  Mi  =  2(2952)  =  590  A  ft  ■  kip 

-From  the  Moment  curves  of  Reference  5  for  a  90-foot  span: 


MLC  =  12T  and  12W 


Rating  Summary 


Bridge  Element 

Type  3 

Type  3S2 

Type  3-3 

Type 

HS20 

Wheel 

Track 

Deck 

8.15 

8.94 

8.66 

4.33 

150 

150 

Stringers 

2.01 

2.2 

2.44 

1.37 

50 

60 

Floor  Beams 

2.43 

2.67 

2.95 

2.07 

70 

50 

Truss  (Limited  by 
top  Chord) 

M 

0^ 

12 

12 

Vehicle  Wt.  (tons) 

25 

36 

40 

36 

NA 

NA 

Load  Rating°^  (tons) 

15 

18 

24 

18 

12 

12 

Load  Rating=  (Lowest  Element  Rating)(Vehicle  Wt.  in  tons) 


-  The  lowest  element  ratings  are  underlined  in  the  table 

-  As  per  Par.  6.7.2  and  7.4.2  of  Reference  1,  the  bridge  should  be  posted  only  if 
the  FT*'  for  the  three  legal  loads  (The  "Type"  vehicles)  falls  below  1.0.  Therefore, 
this  bridge  should  be  posted.  Remember  that  the  HS20  rating  is  mainly  for 
purposes  of  reporting  to  the  NBI  and  for  comparison  to  the  original  design 
specifications. 

-  All  bridges  on  military  installations  require  MLC  postings.  For  this  bridge,  the 
posting  would  be  12W  and  12T. 


*  Note  that  these  ratings  compare  well  with,  but  are  all  higher  than  those  from 
BRASS  using  the  allowable  stress  method.  This  shows  the  benefit  of  the  LRFR 
method. 
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Max.  Track  Line 


Tracked  Vehicles 
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Influence  Diagrams  for  Truss  Members 
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Members  U1L0  and  U8L9 


LO  LI  L2  L3  L4  L5  L6  L7  L8  L9 
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Members  U1L1.  U8L8  (max  at  L1).  and  U3L3.  U6L6  (max  at  L3^ 
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Members  U1U2.  U2U3.  U6U7.  U7U8 


LO  L1  L2  L3  L4  L5  L6  L7  L8  L9 
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Members  L2L3.  L3L4.  L5L6.  L6L7 
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Members  U3U4.  U4U5.  U5U6 


LO  LI  L2  L3  L4  L5  L6  L7  L8  L9 
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Members  U4L5  and  U5L4 

Counters:  No  Compression 


Pu*!  =  [8.5(0.66+0.59)+8.0(0.35)Xi. 12X1.1) 

=  16.5)t(T) 


Pll.,  =  [7.75(.66+.59+.23+.17)Xi.12Xi.1) 
^  ^  =  12.8A:  (T) 


Pll^,  =  [7-0(.66 + .59)+ 8.0(.33)+ 6.0(.08 + .02)Xl .  1 2X1  •  l) 

=  14.8*  (T) 


Fu*,  =  [16.0(.66+.43)+4.0{.20)Xi. 12X1.1) 
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Appendix  D 

Continuous-Span  Reinforced 
Concrete  Tee-beam  Exam  pie 


Continuous  Span  Reinforced  Concrete  Tee  Beam 
Example 


29*  -  8” 


54* 


30*J 

Haunched 

Sections 


I— ^ 

+  +*•+  y 

I 

I 

lili 

6'  c.  to  c. 

P 


End  View 
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Sited  References: 


1.  Manual  For  Condition  Evaluation  of  Bridges,  AASHTO,  1994. 

2.  Guide  Specifications  for  Strength  Evaluation  of  Existing  Steel  and  Concrete 
Bridges,  AASHTO,  1989. 

3.  Standard  Specifications  for  Highway  Bridges,  AASHTO,  fifteenth  edition 
1992. 

4.  Manual  for  Maintenance  Inspection  of  Bridges,  AASHTO,  1983. 

5.  Military  Nonstandard  Fixed  Bridging,  FM5-446  or  TM5-3 12. 

6.  Manual  of  Steel  Construction,  American  Institute  of  Steel  and  Concrete 
(AISC),  Eighth  Edition. 

Reference  1  is  the  primary  source  of  guidelines  for  load  rating  existing  bridges. 
It  allows  a  choice  of  load  rating  methods.  The  load  and  resistance  factor  rating 
(LRFR)  method  outlined  in  Ref.  2  was  used  herein  since  it  more  accurately 
reflects  the  current  condition  of  the  bridge  and  the  degree  of  inspection  and 
analysis.  For  this  method.  Paragraph  6.1  of  Ref  1  refers  all  guidelines  to  Ref  2. 
Thus,  Ref  2  becomes  the  primary  source  for  this  example.  Other  references  will 
be  cited  as  applicable. 


Deck  Rating 

-  Par.  6.7.2. 1  of  Ref  1  states  that,  "In  general,  stresses  in  the  deck  do  not  control 
the  rating  except  in  special  cases."  However,  when  in  doubt  the  deck  rating 
should  be  checked.  A  reinforced  deck  rating  was  demonstrated  previously  in 
Appendix  B.  The  same  method  would  apply  for  this  example. 

Tee  Beam  Rating 

-  Interior  beams  generally  control  the  rating  and  this  will  be  assumed  true  herein. 
However,  if  in  doubt,  always  check  both  interior  and  fascia  beams. 

Nominal  Capacities  of  Tee  Beam  Sections 

-  Par.  3.3 .2.4  of  Ref.  2  refers  to  Ref.  3  for  calculation  of  nominal  resistance.  It 
also  states  that  the  calculations  should  account  for  observable  effects  of 
deterioration,  such  as  loss  of  steel  cross-section  area.  For  this  example,  the 
beams  are  assumed  to  he  in  good  condition  with  no  notable  deterioration.  If 
necessary,  beam  deterioration  can  be  accounted  for  by  reducing  cross-sectional 
area,  fc'  or  fy,  and  in  the  selection  of  Resistance  Factors  in  Ref  2. 

-  From  drawings,  the  bridge  was  built  in  1 942,  with  specified  allowable  stresses 

.  /^  =  800/75/ 

as  follows: 

f,  =  \Zksi 

However,  we  will  be  using  the  LRFR  method,  so  from  Par.  6.6.3,  Ref  1: 

=  2,500/75/ ;  n  =  15 
fy  =  33fa/ 

-  Effective  Flange  Width  (8.10.1.1,  Ref  3): 

Exterior  Spans:  54  (41')  =  10.25' 
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Interior  Spans:  %  (60')  =  15.0' 

Web  +  2(6g  =  2.0  +  2(6)(7/12)  =  9.0' 

= 

Web  +  2(‘/2  clear  dist)  =  2.0  +  2(14)(4.0')  =  6.0'  (Controls  for  both 
interior  and  exterior  spans) 

therefore,  b  =  6.0'(12  in/ft)  =  72.0" 

-  Reinforced  beams  must  be  checked  at  each  location  where  the  section  changes, 
either  in  cross-section  or  reinforcing.  Therefore,  for  this  bridge  the  following 
sections  will  be  checked: 

@  Midspan  of  Exterior  Spans  (~  14'  form  support): 


Effective 
d  =  30-4=26" 


A.  =  8(1.0)  =  8.0  in2 


Steel  centroid  = 


=  OiOjiilil) 


(8.16.3.2,  Ref.  1):  a- — ~  173" < 7" therefore,  compression 
0.85/^6  .85(25)(72.0)  ^ 

all  in  flange. 

Use  8.16.3.3.1,  Ref.  1: 

M„  =  -^)  =  (8.0)(33.0)(26  -  — )  =  6636/n  •  k 

2  2 

M„=553ftk 


(8.16.6,  Ref.  1):  f„=F,+F, 

Vc  =  =  2(V2500)(24'')(26")  =  62.4A: 

y  .  (0.62)(33.0)(26.0) 

*  5  18" 

V„  =  62.4 +  29.6  =  92.0* 


@  Endspan  of  Exterior  Spans:  M  =  0  ;  V„  =  92.0k 

@  Beginning  of  Haimch  for  both  Interior  &  Exterior  Spans  (same): 
-  Only  check  shear  since  moments  are  low 
=  62.4* 

F,  =  (Q-62)(33)(26),,,3, 

'  12" 

t  (used  for  conservatism) 
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F  =62.4  +  44.3=  107.0jt 


@  Interior  Support  over  Pier  (Neg.  Moment  Region): 


.10-#9 


^ - 

_ 

#  5  stirrup 
@18"  o.c. 

_ 

1 

d*  = 

50" 

r  1 

54- 


neglect  bottom  steel 


»  =  i!MS2L,6,47- 
.85(2.5)(24.0) 

M„  =  (10.0)(33.0)(50-  =  15,432/«  •  k 

M„  =  l,2S6fi-k 

=  2V2500(24)(50)  =  120A: 

^  _  (0.62)(33.0)(50) 

'  18 
F„  =  120+57  =  177)t 

@  Midspan  (~30'  from  support)  of  interior  span: 


#5  stirrups 
@ 


9-#9  f 
total  I 


o  o  o 
«  •  o  •  • 


.=  (90)(330) 

.85(23)(72.0) 

M„  =  (9.0)(33.0)(25-  ~)  =  l,min  k 
M„  =595ftk 

from  previous  similar  section:  V„  =  92.0* 

Applied  Dead  Load 
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Haunched  portion  of  Tee:  [  (54"-30")(^2)(2')  12'j()/j,)(0.150)  =  0.09  kf  ft 

t  t 

haunch  length  assume  spread  over 
length  of  span 

Curbs  &  Rails:  |(3')(r)  + 

t 

shared  equally  among  beams 
Total  =  1-39^ 

*  Since  spans  are  continuous,  use  continuous  beam  analysis  to  get  dead  load 
moments  &  shears  (analysis  results  not  shown). 

Applied  Live  Load 

*  Consider  HS20,  Type  3,  3-3,  3S2,  State  of  Georgia  Special  Trucks,  and 
Military  Tracked 

*  Since  spans  are  continuous,  must  use  continuous  beam  analysis  with  moving 
loads.  See  attached  example  of  CONSYS  output  for  maximum  moments 
and  shears. 

Note:  Divide  output  by  2.0  to  get  in  terms  of  line  load 

Distribution  Factor  (Table  3.23.1,  Ref  3):  DF^^,,  wav  =  —  =  —  =  10 

^  6.0  6.0 

LRFR  Rating  Factors 

(Reference  2) 

Impact:  Good  surface  &  approach  =>  1  =  0.1 
DL  Factor:  Aj  =  1 .2 

LL  Factor:  Heavy  volume,  reasonable  enforcement:  A2=1.45 
(j)  Factor:  R/C  beams,  no  deterioration,  inter,  maintenance.:  ^  =  0.85 
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Rating  &  Posting  Summary 

-  Based  on  the  controlling  RFs  from  p.5,  the  following  ratings  and  postings  are 
obtained: 


Vehicle 

Vehicle  Weight 
(tons) 

Controlling  RF 

HS  Rating 

Required  Bridge 
Posting  Load  (tons) 

HS20 

NA 

1.12 

HS22 

Type  3 

25 

1.44 

None 

Type  3S2 

26 

1.48 

None 

Type  3-3 

40 

1.82 

None 

Georgia  M24 

24 

1.20 

None 

Georgia  G-TR3 

36 

1.00 

None 

Georgia  G-3S2 

40 

1.37 

None 

Mil.  Tracked 

150 

0.42  /  0.39® 

63/59 

Mil.  Wheeled 

36® 

1.75/1.61 

63/59 

Footnotes: 


(1)  The  HS  Rating  is  only  to  be  used  for  purposes  of  reporting  to  the  FHWA's 
National  Bridge  Inventory.  It  is  not  to  be  used  for  purposes  of  bridge  posting. 
HS  Rating  =  (HS20)(RF) 


(2)  Obtained  by  assuming  axle  configuration  and  weight  of  military  wheeled  to 
be  the  same  as  HS20  and  using  the  same  results.  One-way  obtained  by  using 


one-way  DF  in  RF  equation  RF,  = 


0.85(595)  - 1.2(148) 

1.0(1 85)(1.1)(0.92) 

T  Note  reduced  LL  safety  factor  for  military 


(3)  One-Lane  /  Two-lane  Traffic 

(4)  No  posting  required  if  RF  >  1 
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Example  Output  from  CONSYS  Analysis  with  Moving  Loads 

STRUCTURE  DATA 
Structure  Id  :  Continuous  Tee  Beam 

Elasticity  =  1.0  Ksi  Spans  =  3  Segments  =19  D.O.F.  =  36 

**  Due  to  haunched  beams,  must  break  each  span  up  into  segments  as  follows: 
Span  1:  Length(ft)=  41.00  Segments  =  5 
Segment  1:  L(ft)=  29.00  M.I.(in4)=  2250.0 
Segment  2:  L(ft)=  3.00  M.I.(in4)=  3888.0 
Segment  3:  L(ft)=  3.00  M.I.(in4)=  6174.0 
Segment  4:  L(ft)=  3.00  M.I.(in4)=  9216.0 
Segment  5:  L(ft)=  3.00  M.I.(in4)=  13122.0 
Span  2:  Length(ft)=  60.00  Segments  =  9 
Segment  1:  L(ft)=  3.00  M.I.(in4)=  13122.0 
Segment  2:  L(ft)=  3.00  M.I.(in4)=  9216.0 
Segment  3:  L(ft)=  3.00  M.I.(in4)=  6174.0 
Segment  4:  L(ft)  =  3.00  M.I.(in4)  =  3888.0 
Segment  5:  L(ft)=  36.00  M.I.(in4)=  2250.0 
Segment  6:  L(ft)=  3.00  M.I.(in4)=  3888.0 
Segment  7:  L(ft)=  3.00  M.I.(in4)=  6174.0 
Segment  8:  L(ft)=  3.00  M.I.(in4)=  9216.0 
Segment  9:  L(ft)=  3.00  M.I.(in4)=  13122.0 
Span  3:  Length(ft)=  41.00  Segments  =  5 
Segment  1:  L(ft)=  3.00  M.I.(in4)=  13122.0 
Segment  2:  L(ft)=  3.00  M.I.(in4)=  9216.0 
Segment  3:  L(ft)=  3.00  M.I.(in4)=  6174.0 
Segment  4;  L(ft)  =  3.00  M.I.(in4)  =  3888.0 
Segment  5:  L(ft)  =  29.00  M.I.(in4)  =  2250.0 

LOADING  DATA 

Truck  1  Id:  HS20  Axles  =  3 
Axle  1  load=  8.00  K 
Spacing  range  =  14.00  ft  -  14.00  ft 
Axle  2  load  =  32.00  K 
Spacing  range  =  14.00  ft  -  30.00  ft 
Axle  3  load  =  32.00  K 
Axle  spacing  increment  =  2.0  ft 

Lane  Load:  U.D.L.  =  0.64  KLF  C.L.  (moment)  =  18.0  K  C.L.  (shear)  =  26.0  K 
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INTERMEDIATE  ANALYSIS  -  TRUCK:  HS20  -  FACE:  LEFT 


***  Note:  Itemember  to  divide  all  oTtI]fise  ans\i^ 
line  load*** 

Loc.  Mmax(+) - VL - VR  Mmax(-) - VL - VR  Defl(+)~Defl(-) 

(ft)  (K-ft)  (K)  (K)  (K-ft)  (K)  (K)  (in)  (in) 

Vmax(+) — Mom  Vmax(-) — Mom  Vmax - Mom 

(K)  (K-ft)  (K)  (K-ft)  (K)  (K-ft) 

Span  1  (Support  1  R-max  11.2/  -49.8) 

0.00  0.0  49.8  47.1  0.0  49.8  47.1  0.00  0.00 

49.8  0.0  -11.2  0.0  49.8  0.0 

4.10  171.1  41.7  9.7  -45.9  -11.2  -11.2  8579.83  %-12867.96 

41.7  171.1  -11.2  -45.9  41.7  171.1 

8.20  279.7  34.1  2.1  -91.8  -11.2  -11.2  %16566.81  %-24153.35 

34.1  279.7  -11.8  138.0  34.1  279.7 

12.30  332.7  27.1  -4.9  -137.8  -11.2  -11.2  %23368.09  %-32293.72 

27.1  332.7  -16.0  171.7  27.1  332.7 

16.40  348.4  20.1  -11.9  -183.7  -11.2  -11.2  %28390.82  %-36646.13 

20.1  348.4  -20.3  179.6  -20.3  179.6 

20.50  324.9  13.3  -18.7  -229.6  -11.2  -11.2  %3 1042.16  %-36974.13 

13.3  324.9  -26.8  314.7  -26.8  314.7 

24.60  287.5  -2.1  -34.1  -275.5  -11.2  -11.2  %30729.25  %-33530.36 

9.4  230.9  -34.1  287.5  -34.1  287.5 

28.70  219.5  -8.9  -40.9  -321.4  -11.2  -11.2  %26859.24  %-26780.94 

6.6  188.9  -40.9  219.5  -40.9  219.5 

32.80  123.2  -2.6  -20.6  -367.4  -11.2  -11.2  %19650.13  %-17996.54 

4.3  142.0  -48.0  116.4  -48:0  116.4 

36.90  106.9  2.9  2.9  -413.3  -11.2  -11.2  %10464.45  %-8841.35 

2.9  106.9  -54.4  -21.0  -54.4  -21.0 

41.00  118.7  2.9  2.9  ^83.5  -33.9  -33.9  0.02  -0.02 

2.9  118.7  -60.1  -185.0  -60.1  -185.0 

Span  2  (  Support  2  R-max  9.6/  -70.4 ) 

0.00  118.7  -6.7  -6.7  l83:5  34.8  34.8  0.00  0.00 

59.2  -243.1  -6.7  118.7  59.2  -243.1 

6.00  78.6  -6.7  -6.7  -297.1  25.3  25.3  %1 1859.60  %-17010.44 

53.3  -45.2  -6.7  78.6  53.3  -45.2 

12.00  127.8  46.3  14.3  -203.5  6.7  6.7%21597.00  %-35573.61 

46.3  127.8  -6.7  38.6  46.3  127.8 

18.00  263.8  38.3  6.3  -163.1  6.7  6.7%27142.19  %-53344.13 

38.3  263.8  -9.7  195.1  38.3  263.8 

24.00  347.8  29.7  -2.3  -122.7  6.7  6.7%28177.86  %-65968.88 

29.7  347.8  -15.3  308.2  29.7  347.8 

30.00  370.3  21.1  -10.9  -102.9  0.0  0.0%25820.98  %-70523.80 

21.1  370.3  -22.9  350.3  -22.9  350.3 

36.00  335.5  13.0  -19.0  -121.8  -6.7  -6.7  %27968.94  %-6637 1.53 

14.1  233.5  -31.4  335.0  -31.4  335.0 

42.00  256.4  -8.1  -40.1  -161.9  -6.7  -6.7  %26939.92  %-54193.59 

9.7  195.0  -40.1  256.4  -40.1  256.4 

48.00  123.5  -0.6  -18.6  -202.0  -6.7  -6.7  %21435.41  %-36365.39 
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6.7  38.9  -48.4  123.1  -48.4  123.1 

54.00  79.3  6.7  6.7  -297.1  -25.3  -25.3  %1 1770.70  %-17395.71 

6.7  79.3  -56.0  -52.5  -56.0  -52.5 

60.00  119.6  6.7  6.7  -483.5  -34.8  -34.8  0.03  -0.05 

6.7  119.6  -62.7  -262.3  -62.7  -262.3 

INTERMEDIATE  ANALYSIS -TRUCK:  HS20-FACE:  LEFT 

Loc.  Mmax(+) - VL - VR  Mmax(-) - VL - VR  Defl(+)-Defl(-) 

(ft)  (K-ft)  (K)  (K)  (K-ft)  (K)  (K)  (in)  (in) 

Vniax(+) — Mom  Vmax(-) — Mom  Vmax - Mom 

(K)  (K-ft)  (K)  (K-ft)  (K)  (K-ft) 

Span  3  ( Support  3  R-max  9.7/  -70.1  ) 

0.00  119.6  -2.9  -2.9  -483.5  33.9  33.9  0.00  0.00 

58.0  -204.0  -2.9  119.6  58.0  -204.0 

4.10  107.7  -2.9  -2.9  -422.5  11.5  11.5  %10697.67  %-8779.55 

53.0  -42.5  -2.9  107.7  53.0  -42.5 

8.20  123.2  20.6  2.6  -375.6  11.5  11.5  %20087.96  %- 17909.70 

47.3  99.7  -4.3  142.0  47.3  99.7 

12.30  213.9  40.9  8.9  -328.6  11.5  11.5  %27457.34  %-268 16.96 

40.9  213.9  -6.6  188.9  40.9  213.9 

16.40  294.1  33.8  1.8  -281.7  11.5  11.5  %3 1413.12  %-33789.30 

33.8  294.1  -9.4  231.0  33.8  294.1 

20.50  330.2  26.0  -6.0  -234.7  11.5  11.5  %31732.44  %-37402.46 

26.0  330.2  -14.3  292.2  26.0  330.2 

24.60  333.6  11.7  -20.3  -187.8  11.5  11.5  %29021.51  %-37122.02 

20.3  179.5  -20.3  333.6  20.3  333.6 

28.70  333.7  4.9  -27.1  -140.8  11.5  11.5  %23886.58  %-32850.84 

16.0  171.6  -27.1  333.7  -27.1  333.7 

32.80  284.1  -2.7  -34.7  -93.8  11.5  11.5  %16933.85  %-24581.91 

11.8  137.9  -34.7  284.1  -34.7  284.1 

36.90  175.4  -10.8  -42.8  -46.9  11.5  11.5  8769.55  %-13 172.86 

11.4  -46.9  -42.8  175.4  -42.8  175.4 

41.00  0.0  -49.9  -51.4  0.0  -49.9  -51.4  0.01  -0.01 

11.4  0.0  -51.4  0.0  -51.4  0.0 

(  Support  4  R-max  1 1 .5/  -5 1 .4  ) 

Sign:  Moment  causing  hot  tens,  Shear  left-up,  Sup  reac  down.  Deft  up  positive 
STRUCTURE  DATA 
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